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Abstract 
 The purpose of this study was to investigate the effects of a five-week EMG 
biofeedback intervention on scapular stabilizer muscle activation, and scapular kinematics, in 
a healthy population. Twenty males and females participated in the study (n = 10 exercise 
with biofeedback, n = 10 exercise only). Both groups participated in exercises targeted at 
activating the serratus anterior and lower trapezius muscles three days a week for five weeks. 
The exercise with biofeedback group completed a biofeedback session once a week. All 
subjects were tested at baseline (week 1), week 6, and week 8 for muscle activation of the 
upper trapezius (UT), lower trapezius (LT), and serratus anterior (SA), as well as scapular 
kinematics. Statistical analysis was performed using a three-way mixed analysis of variance, 
and demonstrated that there was no significance A three-way ANOVA revealed no 
significance for scapular posterior tilt (p = 0.212), upward rotation (p = 0.668), or external 
rotation (p = 0.880) for neither group. A three-way ANOVA revealed no significance with 
mean EMG amplitude (p = 0.249). Therefore the hypothesis was rejected. There was a trend 
toward increased scapular upward rotation for both groups, as well as a decrease in mean UT 
EMG amplitude for the exercise only group, although not statistically significant. Lowered 
UT activation is indicative of better musculature control, and could potentially lead to 
positive alterations in scapular kinematics, observed as increased upward rotation, external 
rotation, and posterior tilt). This is thought to lead to an increase in subacromial space, and in 
turn, lessen the risk of onset SIS. The results from this study could assist in the development 
of a preventative type of program for a healthy population that is at a heightened risk for 
developing SIS. There is little research investigating the optimal duration and frequency for a 
preventative type of program, and this protocol used in this study could be a good foundation 
for future research investigating viable preventative tools for the onset of SIS.  
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Chapter I 
The Problem and Its Scope 
Introduction 
 Electromyography (EMG) biofeedback has become a useful tool with rehabilitation 
of subacromial impingement syndrome (SIS). Biofeedback gives patients a sense of the 
activation of different muscles that are involved in the movement of the shoulder girdle 
through live feedback via a computer monitor (Holtermann, Mork, Andersen, Olsen, & 
Søgaard, 2010). With the feedback given on the monitor, patients are able to not only see 
what is happening with their muscles, but get a sense of the proper mechanics involved in 
scapular motion (Paine & Voight, 2013). As a result of the usefulness of biofeedback in 
rehabilitation settings, it may become another tool in the prevention of the onset of shoulder 
pathologies such as SIS in healthy populations.  
The main muscles that are involved in the stabilization and movement of the scapula 
are the trapezii, serratus anterior, rhomboid major and minor, and levator scapulae (Paine & 
Voight, 2013). Together these muscles create various force couples, and play key roles in the 
proper scapular kinematics that are involved in humeral elevation. Three rotations and two 
translations of the scapula are critical during normative humeral elevation, and consist of 
upward rotation, posterior tilt, varying degrees of external/internal rotation depending on the 
angle of elevation, protraction/retraction, and elevation/depression (Kibler, Sciascia, Uhl, 
Tambay, & Cunningham, 2008). When abnormal scapular kinematics are present, it is 
thought to be a result of altered muscle activation patterns (Huang, Siu, Lien, Lee, & Lin, 
2013; Michener, McClure, & Karduna, 2003; Paine & Voight, 2013). It has been observed 
that there is an increased activity of the upper trapezius, and a decreased activity of the 
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serratus anterior in those with SIS (Michener et al., 2003). Weakness in the prime scapular 
upward rotators, the lower trapezius and serratus anterior, can result in poor scapular 
kinematics and instability, which may lead to SIS (Arlotta, Lovasco, & McLean, 2011).  
 Treatment for SIS is conservative initially, and can include non-steroid anti-
inflammatory drugs, or corticosteroid injections into the subacromial space (Ylinen et al., 
2013). Rehabilitation programs generally consist of both exercise therapy and passive 
treatment which includes modalities such as; electrical stimulation, and heat therapy to 
provide relief from symptoms of impingement (Ma et al., 2011). Exercise therapy, 
specifically exercises that are led by a physical therapist, has been shown to be effective in 
the reducing pain and improving function , especially when paired with manual therapy 
(Ylinen et al., 2013). Passive rehabilitation has demonstrated positive effects in temporary 
symptomatic relief, but there is limited evidence that demonstrates whether pain-relieving 
treatment is effective in the re-education of habitual altered muscle activation (Ma et al., 
2011). Therefore, it is important to introduce re-education of healthy muscle activation 
patterns during daily tasks involving altered patterns of movement.  
Education of the correct muscle activation through EMG biofeedback has been shown 
to be more effective in providing long-term relief from symptoms of impingement (Ma et al., 
2011). It is imperative that rehabilitation based programs focus on the restoration of the 
normative biomechanics to the thoracic, spine and shoulder girdle, in order to manage pain, 
and restore functional abilities. The goal of shoulder rehabilitation should be to correct these 
alterations to prevent any functional loss or disability (Michener et al., 2003).  
 Shoulder kinematics and their relationship to various pathologies, such as SIS, have 
been heavily studied over the past century, and the understanding of how shoulder kinematics 
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contribute to such pathologies has evolved. In the early studies of scapular motion, 
scapulohumeral rhythm in healthy populations was defined as being two-dimensional, and 
scapular kinematics were not viewed as being complicated (Bagg & Forrest, 1988; Kibler et 
al., 2013). Although there has been an advancement in the understanding of how the 
musculature effects the various movements of the shoulder girdle, there is still debate of 
whether alterations in scapular kinematics exist, in conjunction with subacromial 
impingement syndrome. Research has indicated that, as a result of modified muscle 
activation patterns in subjects with SIS there are scapular kinematic alterations that occur 
(Michener et al., 2003; Phadke, Camargo, & Ludewig, 2009). Healthy individuals who 
perform repetitive activities that are predominantly at shoulder height or higher are at an 
increased risk of developing subacromial impingement (Lewis, Wright, & Green, 2005).  
It is important to address scapular kinematics in the healthy population because those 
who have daily routines involving large amounts of lifting at shoulder level or higher are at a 
heightened risk of developing subacromial impingement syndrome (Lewis et al., 2005). 
Occupations that require consistent elevation of the humerus, such as; construction work, 
surgical work, secretarial work, or overhead athletics, are at the greatest risk for the 
development of SIS, in the general population (Cools, Declercq, Cambier, Mahieu, & 
Witvrouw, 2007; Vedsted, Søgaard, Blangsted, Madeleine, & Sjøgaard, 2011). EMG 
Biofeedback has been demonstrated to be effective treatment tool in a pathological 
population, but there is little investigation utilizing it as a preventative means to reduce the 
possibility of onset  of subacromial impingement in a healthy population (Holtermann et al., 
2010). Understanding the effects of exercise on the patterns of scapular kinematics in a 
healthy population, in order to prevent subacromial impingement, could be beneficial to the 
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understanding of the altered scapular kinematics often seen with the subacromial 
impingement population.  
Purpose of the Study 
 The purpose of this study was to investigate the effects of a five-week intervention 
program utilizing EMG biofeedback on changes in scapular kinematics as a result of changes 
in muscle activation pattern in a healthy population. Therefore, investigation of alterations in 
scapular kinematics was paired with muscle activation patterns in this study, with a focus on 
healthy individuals.  
Hypothesis 
 Our hypothesis was that EMG biofeedback training would significantly decrease the 
activation of the upper trapezius, while significantly increasing the activation of the lower 
trapezius and serratus anterior. In addition, we hypothesized that there would be a significant 
increase in scapular upward rotation, posterior tilting and external rotation during humeral 
elevation in the scapular plane. 
Significance of the Study 
 The role of the muscles involved in stabilization and movement of the scapula have 
been a well-researched topic in the literature. However, there has been little research 
specifically investigating  muscle activation patterns and scapular kinematics simultaneously, 
using exercises aimed at targeting activation of the lower trapezius in conjunction with EMG 
biofeedback (Huang, Lin, Guo, Wang, & Chen, 2013). Conclusions from this study will help 
increase the understanding of how EMG biofeedback can alter the scapular kinematics within 
a healthy population, as a result of changes in muscle activation patterns.  
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Limitations 
1. The age of the subjects in the study ranged from 21-28 which would limit the 
application of the results to other age ranges.  
2. The length of the intervention in this study was five weeks. Patients will often receive 
treatment that is longer than five weeks. Therefore, the results from this study can 
only be applied to those with rehabilitation lengths equal to five weeks.   
3. There were no subjects within the study who had subacromial impingement, so the 
results are limited to only those without impingement, or to individuals who are 
asymptomatic.  
4. Subjects were required to submit an exercise log through Canvas to the administrator. 
However, there were no other means of confirming compliance with the subjects, so 
the results of this study can only be applied to those who are participating in exercise 
programs that consist of one to three days per week.  
5. The population included in this study was very small (10 subjects in the exercise only 
group, and 10 subjects in the exercise with biofeedback group). A power analysis 
revealed that in order to observe an effect, the study would have needed to consist of 
16 subjects per group.  
Definition of Terms 
Dyskinesis – altered scapular motion and position (Kibler et al., 2013). 
Electromyographical biofeedback (EMG) or Myofeedback – the technique of using electric 
 equipment to reveal certain physiological events instantly, and teach subjects to  
exercise only these otherwise involuntary events by manipulating the signal displayed 
before them (Holtermann et al., 2010). 
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Horizontal abduction – a horizontal movement in the transverse plane, relative to the ground,
 away from the midline of the body (Hamill & Knutzen, 2006; McGinnis, 2013) 
Horizontal adduction – a horizontal movement in the transverse plane, relative the ground,
 toward the midline of the body (Hamill & Knutzen, 2006; McGinnis, 2013) 
Humeral depression – return of the arm to the side, also known as extension (Shevlin et al.,
 1969) 
Humeral elevation – any motion lifting the humerus away from the body; including flexion in 
the sagittal plane and abduction in the frontal (Shevlin et al., 1969) 
Internal impingement – partial or full thickness tendon tears occur as a result of the
 degenerative process that occurs over time with overuse (Budoff, Nirschl, & Guidi,
 1998). 
Neuromuscular compartments – intra-muscular subdivisions that can be activated selectively
 so that one subdivision is active while another one remains passive (Holtermann et
 al., 2009). 
Physiological Joint – not true anatomic joints that include capsules and ligaments, but gliding
 structures that are key in the stabilization of the shoulder girdle (Levangie & Norkin,
 2011). The scapulothoracic joint is considered to be a physiological joint (Ackland &
 Pandy, 2009).  
Posterior internal impingement – contact or entrapment of the articular side of the
 supraspinatus or infraspinatus tendons with the posterior and superior glenoid labral
 complex in a position of glenohumeral abduction and external rotation (Heyworth &
 Williams, 2009; Paley, Jobe, Pink, Kvitne, & ElAttrache, 2000).  
 7 
 
Scapular kinematics – involve upward/downward rotation, anterior/posterior tipping, and
 internal/external rotation (Huang et al., 2013; Michener et al., 2003). 
Scapular external rotation – rotation occurring about a superior-inferior axis, with the lateral 
 border of the scapular moving posteriorly (Van der Helm & Pronk, 1995). 
Scapular plane – 40° ± 10° anterior to the frontal plane (Ebaugh, McClure, & Karduna,
 2005). 
Scapular posterior tilt – tilt occurring about a medial-lateral axis, with the inferior angle
 moving anteriorly (Van der Helm & Pronk, 1995). 
Scapular translations – scapular positions represented by clavicular rotations about the 
 sternoclavicular joint in two different planes; clavicular elevation/depression for 
 superior/inferior translation, and clavicular protraction/retraction for
 anterior/posterior translation (Michener et al., 2003) 
Scapular upward rotation – rotation occurring about an anterior-posterior axis, with the
 inferior angle of the scapular moving laterally (Van der Helm & Pronk, 1995). 
Scapulohumeral – passing from scapula to humerus (Inman, Saunders, & Abbott, 1944) 
Scapulohumeral rhythm – the coordinated coupled motion between the scapula and humerus 
 needed for efficient arm movement, and allowing for glenohumeral alignment in
 order to maximize joint stability (Paine & Voight, 2013).  
Subacromial impingement syndrome (shoulder impingement; external impingement) – 
 compression, entrapment or mechanical irritation of the rotator cuff structures, or the
 long head of the biceps brachii tendon either beneath the coracoacromial arch, or
 between the undersurface of the rotator cuff and the glenoid or glenoid labrum, which
 is considered to be internal impingement (Neer, 1983; Soslowsky et al., 2002) 
 8 
 
Synovial joint – Highly mobile articulations with a characteristic joint cavity that is formed
 by the articular capsule, which is a sleeve of ligamentous tissue surrounding the joint
 (McGinnis, 2013). The articular capsule attaches to the bones on either side of the
 joint, and the articulating ends of the bones are covered with a thin layer of hyaline
 cartilage, or articular cartilage (McGinnis, 2013). The other exposed bony surfaces
 within the articular capsule are lined with a synovial membrane, which together with
 the articular cartilages seal the joint cavity. The synovial membrane secretes synovial
 fluid, which acts as a lubrication for the synovial joints (McGinnis, 2013). 
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Chapter II 
Review of Literature 
Introduction 
 Much of the research synthesized in this literature review focuses on the different 
aspects of subacromial impingement syndrome that include; etiology, alterations in scapular 
kinematics, muscle activation pattern changes, and rehabilitation for the syndrome via EMG 
biofeedback. There are a few debates in the literature that will be covered within the review 
regarding alterations in scapular kinematics, and if EMG biofeedback is a suitable 
rehabilitation tool. This chapter will also shed some focus on the historical influence of the 
development of subacromial impingement syndrome, and how the understanding of the 
syndrome has evolved throughout time.  
Review of Pertinent Literature 
 Historical approach. The scapula plays a vital role in the vast movement of the 
shoulder girdle, and has evolved in the shape and function over time (Kibler et al., 2008). 
Inman et al. (1944) have stated that mammals whom have freed forelimbs exhibit alterations 
in the scapula which have all come from the same general functional demands (Inman et al., 
1944). The long narrow scapula of the quadruped form has become broader, exclusively as a 
result of the elongation, and increased size of the infraspinous fossa. This change observed 
with the infraspinous fossa is likely due to the change in functional requirements of the 
attached muscles. The great range of motion that is found in the shoulder partially comes as a 
result of the infraspinal musculature (Inman et al., 1944).  
The understanding of scapular movement during humeral elevation has evolved in the 
past 30 years. Kinematics such as upward rotation were thought to occur throughout arm 
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elevation, except for a small phase at the beginning and the end of the movement, and that 
the first 90° of humeral elevation occurs strictly at the glenohumeral joint (Bagg & Forrest, 
1988). Verification of the scapular upward rotation occurring throughout the motion was 
performed, and a three phase motion was proposed. The major part of scapular rotation was 
found to occur during the middle phase from 60 to 115° of humeral elevation. It was also 
proposed that the humerus and scapula contributed to humeral elevation at 60° and 120° 
respectively. It was found that for two degrees of glenohumeral movement, there is one 
degree of scapular rotation, overall for the whole motion, debunking the idea that the first 90° 
of humeral elevation is strictly the glenohumeral joint (Bagg & Forrest, 1988).  
 There has been debate over the axis of rotation on the scapula throughout humeral 
elevation. The axis of rotation of the scapula was originally thought to be static and single, 
but research in the past thirty years has found that the axis has more fluidity, and changes 
position as the arm is elevated (Bagg & Forrest, 1988).It is thought that the instantaneous 
center of scapular rotation starts at the base of the spine of the scapula, and migrates toward 
the acromioclavicular joint as humeral elevation occurs (Bagg & Forrest, 1986).  Throughout 
humeral elevation the movement shifts from being dependent on the scapulothoracic and 
sternoclavicular joints to the acromioclavicular and glenohumeral joints. This shift in 
dependence indicates that during the first 100° of humeral abduction, the axis of rotation for 
the scapula is at the base of the scapular spine, and moves toward the acromioclavicular joint 
at the movement progresses past 100° (Bagg & Forrest, 1988).  
 Throughout history the shoulder has been a hot topic of research and discussion, 
especially regarding proper scapular kinematics and treatment for shoulder pathologies. 
There has been an evolution in the knowledge base regarding timing and movement of the 
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scapula, as well as what proper kinematics are. There has also been vast research regarding 
viable treatment options for those who suffer from different shoulder pathologies such as 
subacromial impingement syndrome.  
   Scapulohumeral rhythm. The structure of the shoulder includes three synovial 
joints; glenohumeral, sternoclavicular, and acromioclavicular, and one physiological joint; 
scapulothoracic (Inman et al., 1944). Motions occurring at the acromioclavicular joint can 
complement or offset sternoclavicular joint motions and either increase or decrease the 
overall scapulothoracic motion. The complementary motion of the clavicle relative to the 
thorax, and scapula relative to the clavicle allows the scapula to upwardly rotate (Ludewig & 
Braman, 2011). Scapulothoracic tilting is achieved primarily by the scapular 
anterior/posterior motion relative to the clavicle while clavicular elevation and posterior 
rotation are offsetting at the sternoclavicular joint. Scapulothoracic external rotation is small 
because of clavicular retraction relative to the thorax, and scapular internal rotation relative 
to the clavicle offsetting (Ludewig & Braman, 2011). 
Movement of the scapula is known to occur about three axes, and has a variety of 
motions important in keeping the normal scapulohumeral rhythm. During humeral elevation, 
throughout the range of motion, there is continuous movement of the scapulothoracic, 
acromioclavicular and sternoclavicular joints, and continuous activity of the associated 
muscles (Codman, 1934).  Anterior and posterior tilting of the scapula occurs as there is 
rotation about an axis that is approximately parallel to the spine of the scapula. Internal and 
external rotation, as well as pathological scapular winging, are known to occur as the scapula 
moves about a vertical axis. Upward and downward rotation is known to occur about an axis 
that is perpendicular to the scapular plane (Kibler, Sciascia, Uhl, Tambay, & Cunningham, 
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2008). During elevation of the humerus it is necessary to have corresponding movement of 
the scapulothoracic and glenohumeral muscles in order to produce complex scapular 
kinematics (Ludewig, Cook, & Nawoczenski, 1996).  
 In summary, scapulohumeral rhythm plays a key role in the normative motion of the 
humerus and scapula, and the three axis of motion about which the scapula move are vital to 
normal scapulohumeral rhythm. Understanding the axis of motion of the scapula and how 
pathologies affect those motions is the first step in creating a rehabilitation program that 
utilizes the body’s natural kinematic responses to humeral elevation. 
 Muscles involved in scapular stabilization. The scapulothoracic articulation is 
considered to be one of the least congruent joints in the body, and is classified as a 
physiologic joint (Levangie & Norkin, 2011). There are no bony articulations between the 
scapula and thorax, which helps create the large range of motion at the humerus, and as a 
result the scapulothoracic articulation is dependent on active control (Mottram, 1997; Paine 
& Voight, 2013). However, because there are no articulations, the scapula is only attached by 
ligaments at the acromioclavicular joint, and a suction-type of mechanism that is as a result 
of the musculature of the serratus anterior and subscapularis (Peat, 1986). Because of the lack 
of congruence, it is necessary for muscles such as the serratus anterior, trapezii, rhomboid 
major and minor, pectoralis minor, and levator scapulae to stabilize the scapula against the 
thorax. There are also muscles that act as glenohumeral protectors and include the rotator 
cuff; supraspinatus, infraspinatus, teres minor, and subscapularis, and aid in the stabilization 
of the shoulder girdle (DiVeta, Walker, & Skibinski, 1990; Jobe & Pink, 1993; Kamkar, 
Irrgang, & Whitney, 1993; Kibler, 1998). 
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 The muscles that stabilize the scapula play a key role in proper scapular kinematics, 
as well as decreasing the risk of developing subacromial impingement. The trapezius is 
divided into three main sections; upper, middle, and lower, and plays a key role in scapular 
upward rotation, retraction, and protraction, or elevation in relation to the chest wall, which 
also causes the clavicle to rotate upward and backward (Mackenzie 1918; Kendall et al., 
1973).   The upper fibers of the trapezius originate from the external occipital protuberance, 
medial one third of the superior nuchal line, ligamentum nuchae, and spinous process of the 
seventh cervical vertebra. The insertion of the upper fibers lies on the lateral one third of the 
clavicle (Kendall et al., 1973). The origin and insertion of the upper fibers allows it to elevate 
the scapula via its attachment to the clavicle. The lower fibers of the trapezius originate from 
the spinous process of the sixth through twelfth thoracic vertebrae, and insert at the tubercle 
on the apex of the spine of the scapula. The fiber alignment of the lower trapezius allows for 
it to depress the scapula. Both the upper and lower fibers of the trapezius stabilize the 
scapula, and rotate it so that the glenoid cavity faces cranially (Mackenzie, 1918; Kendall et 
al., 1973).  The serratus anterior also plays a key role in scapular stabilization and movement. 
The origin of the fibers of the serratus anterior is the outer surface and superior border of the 
upper eight, or nine, ribs, and inserts at the costal surface of the medial border of the scapula. 
The fiber alignment allows the serratus anterior abduct the scapula, rotate the inferior angle 
laterally and the glenoid cavity cranially, stabilizes the medial border against the chest wall, 
and elevation/depression of the scapula with the upper and lower fibers respectively 
(Mackenzie 1918; Kendall et al., 1973).   
 The scapular stabilizers work together to produce proper kinematics (Fey et al., 
Johnson, Bogduk, Nowitzke, & House, 1994). The serratus anterior is known to control 
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posterior tipping of the scapula, and is also known to assist with external and upward rotation 
of the scapula as well, because of the insertion site at the medial border of the inferior angle 
of the scapula (Lin et al., 2005; Ludewig et al., 1996). The lower trapezius and serratus 
anterior, together create a force couple on the lower portion of the scapula, and are 
responsible for stabilization of that inferior aspect. Together the two muscles work with the 
upper trapezius to regulate retraction and scapular stabilization (Kibler et al., 2008). There is 
a rotation complex that is created with the three sections of the trapezius muscle. The upper 
trapezius elevates the acromion, as the lower trapezius pulls down on the base of the spine 
resulting in rotation, while the middle trapezius acts as a stabilizer and maintains 
contralateral alignment (Perry, 1978).  
 The moment arm of each muscle determines the degree to which specific muscles can 
move the scapula. The largest moment arm for producing scapular upward rotation is seen 
with the serratus anterior (Dvir & Berme, 1978; Johnson et al., 1994; Phadke et al., 2009). 
During the middle phase of humeral elevation there is greater scapular contribution to the 
movement as a result of the long force arms of the lower trapezius and serratus anterior 
(Bagg & Forrest, 1986).  
 Humeral elevation in any plane is a complicated movement pattern that requires all 
scapular stabilizer muscles to work together harmoniously. There are ratios between the 
stabilizer muscles that need to be maintained for the production of efficient and proper 
motion. During humeral abduction, normal upper trapezius/middle trapezius and upper 
trapezius/lower trapezius ratios vary from 1.23 to 1.36 (Cools et al., 2007). This means that 
normally, the upper trapezius shows higher activity levels than the other two muscle parts. 
The middle trapezius and lower trapezius show analogous activity as middle trapezius/lower 
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trapezius ratios between 1.09 and 0.92. Normal ratios based on the control group range from 
43% in upper trapezius (non-dominant side) to 66.4% in middle trapezius (dominant side) 
(Cools et al., 2007). Normal ratios for isokinetic external rotation of the humerus were found 
to be 1.2-1.28 for middle trapezius/lower trapezius ratios and less than 1 for upper 
trapezius/middle trapezius and upper trapezius/lower trapezius ratios (Cools et al., 2007).  
 In summary, the complex motion of the scapula during humeral elevation, plays a key 
role in the ability of a person to achieve movement throughout the full range of motion. As a 
result of the small amount of congruency found with the scapulothoracic articulation, it is 
vital for the scapular stabilizers; the serratus anterior, trapezii, rhomboids major and minor, 
and levator scapulae, to work in unison. To obtain proper scapular kinematics the force 
couples created by the pairing of the upper and lower trapezius, as well as the lower trapezius 
and serratus anterior are significant, and the line of action of each muscle plays a key role in 
producing the correct scapular movement during elevation of the humerus in any plane.   
 Scapular kinematics in a healthy population. Full scapular motion consists of three 
individual rotations, and two translations that are crucial in moving the humerus throughout 
the full range of motion (Kibler et al., 2008). The three individual movements, or rotations, 
of the scapula include; upward/downward rotation around a horizontal axis that lies 
perpendicular to the scapular plane, internal/external rotation around a vertical axis that lies 
through the scapular plane, and anterior/posterior tilt around a horizontal axis that lies in the 
scapular plane (Kibler et al., 2008). The two translations of the scapula include; scapular 
elevation/depression and clavicular protraction/retraction (Kibler et al., 2008).  
 The wide range of motion with the arm comes from the shallowness of the scapular 
socket, ball shaped humeral head and laxity of the pericapsular tissues (Perry, 1978).  
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Upward rotation of the scapula combines with some mixture of shoulder joint flexion and 
abduction in synchronization with the exception of the first 30° which is seen as irregular. 
There is a 2:1 ratio of the shoulder joint to scapular motion that contributes to arm elevation 
(Perry, 1978). Upward rotation of the scapula happens as a result of the combination of the 
trapezius and serratus anterior skeletal muscle actions. The serratus anterior prevents scapular 
winging, which happens during shoulder flexion if the trapezius is not aligned to prevent the 
weight of the arm from tilting the inferior angle of the scapula posteriorly (Perry, 1978). As 
the scapula upwardly rotates, trapezius abduction is counteracted by serratus anterior 
abduction in synchronicity (Perry, 1978).  
 During humeral elevation in any plane, normative kinematics of the scapula include; 
upward rotation (45-60°) and posterior tilt (20-40°) relative to the thorax, with changes in 
scapular internal rotation being variable and dependent on the plane of elevation, as well as 
the point during the range of motion (Borstad & Ludewig, 2002; Huang et al., 2013; Ludewig 
et al., 1996; McClure, Michener, Sennett, & Karduna, 2001). During sagittal plane humeral 
elevation the scapula will slightly internally rotate at the beginning stages of the motion. 
External rotation of the scapula occurs at the end of the range of motion for humeral 
elevation in all planes, as well as in the beginning of the range of motion for humeral 
elevation in the frontal plane (Braman, Engel, Laprade, & Ludewig, 2009; Ludewig et al., 
2009; McClure et al., 2001). In a healthy population, the scapula is internally rotated relative 
to the clavicle at 60° (Ludewig et al., 2009). 
 An important factor with proper scapular kinematics is the role that the clavicle plays 
during movement in all planes. The scapula and clavicle work together in a 1:1 coupling type 
of motion to provide the large range of motion available at the shoulder (Teece et al., 2008). 
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The clavicle primarily has 30° of posterior rotation about its long axis, except in extension, 
during humeral elevation. Secondarily the clavicle has 15° of retraction, and will vary in 
motion in the transverse plane, similar to that of the scapula. All of the clavicular movements 
are about the sternoclavicular joint relative to the thorax (Ludewig et al., 2009; Ludewig, 
Behrens, Meyer, Spoden, & Wilson, 2004; Sahara, Sugamoto, Murai, & Yoshikawa, 2007). 
Concurrently with clavicular motion, the scapular motion is occurring at the 
acromioclavicular joint during humeral elevation in any plane and include; scapular upward 
rotation and posterior tilt relative to the clavicle (Sahara et al., 2007). For every degree of 
clavicular elevation relative to the thorax, 1/3 results in scapulothoracic upward rotation, and 
2/3 result in scapulothoracic anterior tilting (Ludewig et al., 2009).  
 During full elevation of the arm, the clavicle rotates 50 degrees; 36 of which are 
composite motion at the sternoclavicular joint and 20 degrees at the acromioclavicular joint. 
If there is an obstruction of motion between the clavicle and scapula elevation of the arm 
could be stopped at 100 degrees (Perry, 1978). During scapular plane elevation, McClure and 
his colleagues (2001) found that there was consistent scapular upward rotation, posterior 
tilting and external rotation coupled with clavicular elevation and retraction. Scapular upward 
rotation and clavicular rotation occurred in a linear pattern throughout the humeral elevat ion 
in the scapular plane, especially beyond 50° of elevation. Scapular posterior tilting and 
external rotation exhibited a nonlinear pattern, and occurred mostly after 90° of humeral 
elevation in the scapular plane. The greatest difference between elevation and depression of 
the humerus in the scapular plane were seen at mid-range (60-120°) during scapular upward 
rotation (McClure et al., 2001).  
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 Elevation and retraction of the clavicle relative to the thorax comes from the line of 
action of the upper trapezius that attaches to the lateral clavicle (Fey et al., 2007; Johnson et 
al., 1994). The attachment of the lower trapezius creates a line of action that allows for 
scapular upward rotation at the acromioclavicular joint. There does not appear to be any 
clavicular musculature that contributes to posterior rotation, so it is likely that posterior 
rotation is achieved secondarily by tension in the coracoclavicular and acromioclavicular 
ligaments as a result of the serratus anterior and lower trapezius pulling on the scapula with 
an upward rotational torque (Fey et al., 2007; Johnson et al., 1994). The upper trapezius has 
the primary function of generating retraction of the clavicle at the sternoclavicular joint, 
where the middle and lower trapezii generate external rotation at the acromioclavicular joint  
(Fey et al., 2007; Johnson et al., 1994).  
 Normative kinematics in a healthy population consist of scapular upward rotation, 
external rotation, and posterior tilt, as well as clavicular elevation and retraction (McClure et 
al., 2001). During humeral elevation in the scapular plane, it is important to note that 
normative kinematics occur as a result of the lines of action of various scapular stabilizing 
muscles, mainly the three fibers of the trapezii (Fey et al., 2007). Vast comprehension of the 
underlying mechanisms that create proper movement of the scapula during humeral elevation 
in the scapular plane is important in assessing abnormalities that may occur as a result of 
muscle activation deviation.  
 Scapular kinematics in a pathological population. Codman (1934) described an 
abnormal shoulder as one that halts, and does not move symmetrically (Codman, 1934).  
There is a debate in the literature regarding whether subjects with subacromial impingement 
syndrome show altered kinematic patterns, but there is some evidence that supports specific 
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alterations that are frequently seen with subacromial impingement syndrome (Ludewig et al., 
2009; McClure, Michener, & Karduna, 2006). Reductions in scapular posterior tilting and 
upward rotation, as well as increases in scapular internal rotation, or increased clavicular 
elevation relative to the thorax are the most common kinematics that are seen with subjects 
who have impingement syndrome (Ludewig et al., 2009). The altered kinematics are thought 
to decrease the subacromial space by increasing the proximity of the rotator cuff tendons to 
the coracoacromial arch or glenoid rim (Karduna, Kerner, & Lazarus, 2005; Solem-Bertoft, 
Thuomas, & Westerberg, 1993). Increased humeral head superior or anterior translation has 
also been found in subjects with SIS (Deutsch, Altchek, Schwartz, Otis, & Warren, 1996; 
Endo, Ikata, Katoh, & Takeda, 2001; Graichen et al., 2001; Hébert, Moffet, McFadyen, & 
Dionne, 2002; Laudner, Myers, Pasquale, Bradley, & Lephart, 2006; Lin et al., 2005; 
Ludewig & Cook, 2000; Lukasiewicz, McClure, Michener, Pratt, & Sennett, 1999; McClure 
et al., 2001; Mell et al., 2005; Su, Johnson, Gracely, & Karduna, 2004; Warner, Micheli, 
Arslanian, Kennedy, & Kennedy, 1992; Werner, Blumenthal, Curt, & Gerber, 2006; Yanai, 
Fuss, & Fukunaga, 2006). However, there is still uncertainty of whether the alterations 
observed with subacromial impingement are consequences of the pathology, or if the 
alterations lead to it (Ludewig et al., 2009).  
 In a study by Lin et al. (2005), subjects with shoulder dysfunctions demonstrated a 
decrease in peak upward rotation of 5.4°, as well as lesser posterior tipping angles, as well as 
greater elevation of the scapula during movement that elicits elevation of the humerus to just 
above head level. Generally, decreased upward rotation of 4.1° was observed at 60° of 
humeral elevation in those with impingement, which could indicate poor kinematics are 
present in that population (Lin et al., 2005). With subjects who had eliminated pain, and re-
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established range of motion, compensatory mechanisms were still present, indicating 
uncertainty of whether the increased elevation of the scapula in shoulder dysfunction subjects 
was a result of shoulder pain avoidance, shoulder muscle weakness, restricted glenohumeral 
motion, or altered habitual movement patterns. Lowered degree of scapular posterior tipping, 
as well as decreased activation of the serratus anterior muscle were observed during 
placement of an object overhead, as well as sliding a box across a table. Increased activation 
of the upper trapezius muscle corresponds with increased scapular elevation, and can be seen 
as a compensatory response to the decreases serratus anterior muscle activity. The lack of 
posterior tipping that was observed in subjects with shoulder dysfunction is indicative of the 
over-activation of the upper trapezius muscle not being sufficient enough of a compensatory 
response to lift the humerus overhead (Lin et al., 2005). Other altered kinematics observed in 
subjects with scapular dysfunction such as; decreased upward rotation and decreased humeral 
elevation, are consistent with an increase in upper trapezius activation, as well as a decrease 
in serratus anterior activation (Lin et al., 2005). The muscle activation patterns found in 
subjects with subacromial impingement implies that there is potential for those subjects to 
have different scapular motion and decreased stability of the scapula, specifically during 
external rotation (Diederichsen et al., 2009). 
 Decreased muscle activation levels results in altered scapular kinematics that include 
upward rotation, external rotation, as well as altered clavicular kinematics including 
retraction and elevation (Ebaugh et al., 2005). Because of the crucial close relationship 
between the scapula and clavicle altered kinematics of either could result in a decrease of the 
subacromial space which can lead to subacromial impingement. Ebaugh et al (2005) 
demonstrated that there was a great effect of scapular upward rotation through the mid-range 
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(6.5-90°) of humeral elevation (Ebaugh et al., 2005). During active elevation there was more 
scapular upward rotation in comparison to when the arm was passively raised, thus 
strengthening the important role that the upper trapezius, lower trapezius and serratus 
anterior have in producing scapular upward rotation (Ebaugh et al., 2005; McClure et al., 
2006). Abnormal movement patterns with anterior and posterior tipping, seen as decreases in 
posterior tipping, would increase the proximity of the anterior acromion to the soft tissue 
structures as they pass beneath during humeral elevation. This action could predispose an 
individual to impingement, or exaggerate symptoms that already exist (Ludewig et al., 1996).  
 It is difficult to discern if alterations in scapular kinematics are compensatory in 
nature, or contributory to an impingement mechanism (Ludewig & Reynolds, 2009). Based 
on anatomy and the relationships between the structures in the shoulder, it is thought that 
reductions in scapular upward rotation and posterior tilt during humeral elevation could 
contribute to the development or progression of impingement as a result in a reduction of 
subacromial space (Michener et al., 2003). The effects of scapular internal rotation are less 
clear because an increased scapular internal rotation could result in glenohumeral external 
rotation which is beneficial to the subacromial space by allowing improved clearance for the 
greater tuberosity. However, there is an increased risk of posterior cuff internal impingement 
as a result of the movement (Flatow et al., 1994; Paley et al., 2000). Because of the close 
relationship between scapular kinematics and the size of the subacromial space, increased 
clavicular elevation could both improve the subacromial space available, but it could also 
couple with increased scapular anterior tilt, which could compromise the subacromial space 
available (Teece et al., 2008). 
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 In summary, altered scapular kinematics are often observed in populations with 
shoulder pathology, but it is difficult to determine why there is altered kinematics patterns. 
There is dispute within the literature about subjects with shoulder pathologies, more 
specifically subacromial impingement syndrome, showing altered scapular kinematics or not 
(Ludewig & Braman, 2011). Evidence supporting the prevalence of altered kinematics in an 
injured population states that there will be increased scapular internal rotation, and decreased 
scapular upward rotation and posterior tilt apparent. Those who demonstrate scapular 
kinematic alterations can also demonstrate differed muscle activation patterns compared to a 
healthy population, as well as altered clavicular kinematics because of the relationship 
between the structures in the shoulder (Mehta, Gimbel, & Soslowsky, 2003; Soslowsky et al., 
2002).  
 Subacromial impingement syndrome. Impingement is an umbrella term that 
encompasses different categories such as; subacromial or external impingement, and internal 
impingement between the glenoid and the humerus, which can be broken down even further 
into posterior or anterior internal impingement, and coracoid impingement (Edelson & Teitz, 
2000). Internal impingement has characteristic patterns that are imprinted on either the 
anterior or posterior side of the humerus (Edelson & Teitz, 2000). Another category of 
impingement that is not commonly discussed in literature is that of the subscapularis tendon 
between the lesser tuberosity and coracoid process of the humerus (Okoro, Reddy, & 
Pimpelnarkar, 2009). Shoulder, or subacromial impingement is defined by Neer as the 
compression and mechanical abrasion of the rotator cuff structures as they pass beneath the 
coracoacromial arch, more specifically the anterior acromion, during elevation of the arm 
(Neer, 1972). During humeral elevation the subacromial space is minimized at 90° generally 
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(Bey et al., 2007). However, the rotator cuff tendons are closest in proximity to the 
undersurface of the acromion around 45° of humeral abduction relative to the thorax (Bey et 
al., 2007). Subjects could still have a painful arc of motion around 90° because the rotator 
cuff tendons are at the highest force at that point in the range of motion during humeral 
elevation (Bey et al., 2007). Subacromial impingement syndrome, as well as the other 
categories of impingement, are thought to be a contributing factor to the development, or 
progression of rotator cuff disease, or biceps brachii tendonopathy (Michener et al., 2003; 
Soslowsky et al., 2002). 
 The pathology that falls under the category of subacromial, or external impingement 
has broadened since Neer defined the syndrome. Subacromial impingement now 
encompasses compression or abrasion of the rotator cuff tendons, as well as the tendon of the 
long head of the biceps brachii, beneath any aspect of the coracoacromial arch, which 
includes the acromial undersurface, the coracoacromial ligament and the undersurface of the 
acromioclavicular (AC) joint (Ludewig & Braman, 2011).  
 Subacromial impingement syndrome presents many accompanying impairments 
which include; scapulohumeral muscle weakness, improper exercise only of the 
glenohumeral and scapulothoracic joint movements during humeral elevation, which is 
characterized by variation of muscle activation levels, specifically lower serratus anterior and 
higher upper trapezius and lower trapezius activity, and lack of coordination between the 
parts of the trapezius muscle (Ludewig & Cook, 2000; Roy, Moffet, Hébert, & Lirette, 2009). 
Changed muscle exercise only could be a contributing factor in reductions of scapular 
posterior tilting and lateral rotation during humeral elevation (Ludewig & Cook, 2000; Roy 
et al., 2009).With impingement, the most common clinical discovery is the prominence of the 
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inferior angle or medial border of the scapula (Cools et al., 2002). Prominence of these two 
bony landmarks indicates weakness of the serratus anterior and lower trapezius force couple, 
and alteration with the activation that includes increased upper trapezius activation and 
delayed lower trapezius activation (Cools et al., 2002).  
 Altered muscle activation patterns with the upper trapezius, lower trapezius and 
serratus anterior, are indicative of a compensatory motor pattern to minimize activation of 
muscles that elicit painful responses brought on by a decrease in subacromial space (Lin et 
al., 2006). The serratus anterior will activate earlier in the movement if function of the 
shoulder has been compromised, in order to establish a greater base of exercise only as the 
arm moves through to the end of the motion (Kibler et al., 2008). Higher upper 
trapezius/middle trapezius and upper trapezius/lower trapezius ratios were seen on the 
injured side of subjects with impingement symptoms compared to the exercise only as well 
as compared to their non-injured side (Cools et al., 2007). Upper trapezius muscle activity 
increased in subjects with impingement symptoms followed by a decrease in lower trapezius 
muscle activity during abduction of the humerus. As a result of the varied muscle activation 
between the upper trapezius and lower trapezius, scapular muscle ratios became higher 
indicating muscular imbalance (Cools et al., 2007). This supports the idea that there is 
scapular dysfunction in relation to impingement.  
 Increased upper trapezius activation, in combination with decreased lower trapezius 
and serratus anterior activation is often seen in those subjects who demonstrated reductions 
in scapular posterior tiling, and upward rotation, and increases in internal rotation (Lin et al., 
2005; Ludewig & Cook, 2000). Higher upper trapezius/middle trapezius (1.9) and upper 
trapezius/lower trapezius (2.19) ratios found in a group with subacromial impingement, 
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indicating muscular imbalance, shown as hyperactivity in the upper trapezius (Cools et al., 
2007). Athletes with shoulder pain during external rotation of the humerus exhibited values 
of 1.84 for upper trapezius/middle trapezius and 1.35 for upper trapezius/lower trapezius, and 
0.78 for middle trapezius/lower trapezius (Cools et al., 2007). The values found in Cools and 
colleagues study (2007) could be indicative of muscular imbalance among all fibers of the 
trapezius muscle (Cools et al., 2007). Hyperactivity of the upper fibers of the trapezius, as 
well as decreased activity of the middle and lower fibers could be the reason that there were 
muscular imbalances between the fibers (Cools et al., 2007).  
 Subjects with shoulder impingement demonstrated a general pattern of greater 
scapular upward rotation and increased scapular anterior tipping during abduction of the 
humerus in the scapular plane. There was greater upper trapezius activity for those with 
subacromial impingement syndrome, as well as decreased serratus anterior activity (Ludewig 
& Cook, 2000). The decrease in activity of the serratus anterior as well as the increases in 
anterior tipping point to a concurrent issue that contributes to impingement symptoms. 
Posterior tipping of the scapula brings the anterior acromion to an elevated position, which 
increases the subacromial space. Because the anterior acromion is the main site where 
impingement occurs, a decrease in serratus anterior activity, in which the muscle plays an 
important role in stabilizing the inferior angle of the scapula against the thorax during 
humeral elevation, which in turn creates the force necessary to produce scapular posterior 
tipping, and would increase the subacromial space (Ludewig & Cook, 2000). The abnormal 
scapulohumeral rhythm brought on by the imbalances between the trapezii muscles, both 
upper and lower, as well as the serratus anterior lead to inadequate force production between 
the muscles, and alter the scapular kinematics, which can decrease the subacromial space and 
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augment subacromial impingement syndrome. The increases in upper trapezius activation, as 
well as the lack of posterior tipping imply that there were not adequate enough compensatory 
responses for the decreased serratus anterior activity (Ludewig & Cook, 2000). Early 
termination of muscle action of the serratus anterior and lower trapezius during humeral 
depression in the scapular and sagittal planes were observed in those with subacromial 
impingement syndrome compared to a healthy exercise only (Worsley et al., 2013).   
 Investigating unilateral subacromial impingement, one study found that subjects did 
not show differed scapular kinematics compared to their healthy contralateral side, or to a 
healthy exercise only group (McClure, Bialker, Neff, Williams, & Karduna, 2004). A small 
subset of subjects exhibited signs of pathological scapulohumeral relationships, through 
increased glenoid rotation that was most apparent during neuromuscular activity. There are 
numerous of studies that imply altered scapular kinematics are a large factor in initiating 
subacromial impingement syndrome, but this study refutes those conclusions (Mehta et al., 
2003; Soslowsky et al., 2002; Warner et al., 1992). In a six week exercise intervention study 
evaluating changes in scapular kinematics, functional outcome, general health status and 
muscle force and motion the scapular kinematics had not changed within the six week time 
span (McClure et al., 2004). There were no increases in scapular posterior tilting, upward 
rotation, external rotation or clavicular retraction in both flexion and scapular plane 
elevation. During humeral elevation with the arm abducted 90 degrees in the coronal plane 
there was a general pattern of scapular posterior tilting, upward rotation, scapular external 
rotation, and clavicular retraction found with little change in clavicular elevation as the 
humerus moved from internal to external rotation. The lack of change in kinematics indicated 
that not all subjects who have subacromial impingement syndrome will have altered or 
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abnormal scapular kinematics. There is no universal definition of abnormal or altered 
scapular kinematics making it hard to decide what is considered normal or not (McClure et 
al., 2004).   
 Multi-factored pathogenesis of subacromial impingement syndrome is the most likely 
etiology, and includes; anatomic reductions, such as type of acromion, mechanical 
compression of the soft tissues in the subacromial space, intrinsic tendon degeneration, 
glenohumeral instability, restrictive processes of the glenohumeral joint, muscle imbalance, 
posture, and overuse secondary to repetitive eccentric loading or sustained use of the arm 
above 90 degrees of elevation, and scapular or humeral kinematic alterations (Cools, 
Witvrouw, Declercq, Danneels, & Cambier, 2003; Culham & Peat, 1993; Fey et al., 2007; 
Jaggi & Lambert, 2010; Kebaetse, McClure, & Pratt, 1999; Kibler, 1998; Kibler et al., 2013; 
Lewis et al., 2001; McClure et al., 2004; Mehta, Gimbel, & Soslowsky, 2003; Michener et 
al., 2003; Soslowsky et al., 2002; Zuckerman et al., 1992). Adhesive capsulitis is also 
thought to be a contributing factor to secondary impingement (Ludewig & Reynolds, 2009; 
Neer, 1983). Subacromial impingement is may create cumulative trauma and lead to rotator 
cuff tears (Ludewig & Reynolds, 2009; Neer, 1983). It is hypothesized that due to a lack of 
subacromial, or suprahumeral, space during subacromial impingement syndrome, those 
factors that minimize the space are catastrophic to the development or progression of the 
syndrome. Especially movements that bring the greater tuberosity in closer contact with the 
coracoacromial arch, which include; excessive superior, or anterior translation of the humeral 
head or glenoid fossa, insufficient external, or lateral, rotation of the humerus, as well as 
decreases in normal scapular upward rotation and posterior tipping on the thorax (Ludewig & 
Cook, 2000). All of these movements occur during humeral elevation.  
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 Some therapists have suggested that the impingement process is associated with 
alterations in upper body posture, mainly due to an increase in the thoracic kyphosis angle 
and imbalance of surrounding muscles (Lewis et al., 2005). The forward, or slouched posture 
demonstrates increases in kyphosis, forward shoulder posture and scapular kinematics that 
include; protraction, elevation, anterior tilt and downward rotation. The combination of poor 
kinematics seen with a slouching posture have accompanied a reduction in glenohumeral 
movement (Lewis et al., 2005). These alterations have been thought to create a compressive 
impingement under the acromion process which produces a mechanical type of block during 
elevation of the humerus, and irritates the subacromial tissues (Lewis et al., 2005). Positive 
changes with lateral scapular displacement, elevated scapular position, forward sagittal 
scapular position, range of pain-free shoulder flexion, and range of pain-free scapular 
abduction were observed after an active correction of posture and taping protocol in 
symptomatic and asymptomatic subjects. Thus indicating that postural restoration through 
rehabilitation mechanisms could decrease the symptoms of subacromial impingement, and 
possibly eliminate it altogether (Lewis et al., 2005). 
Shoulder pathologies have been investigated for years, and one form of exercise with 
biofeedback has been by surgical means. Internal impingement was a condition mainly 
described in athletes with heavy activity conducted at, or above shoulder height, and was 
recognized as a result of poor outcomes of acromioplasty within the population, including 
tears after surgery, or residual impingement (Paley et al., 2000). Anterior acromioplasty, 
among other procedures, has been performed as a means of exercise with biofeedback for 
those suffering from subacromial impingement syndrome (SIS) and was thought to 
decompress the tendonous structures that were being impinged (Neer, 1972). Acromioplasty, 
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in general, has evolved from removal of the lateral portions of the acromion, to removal of 
anterior portions of the acromion (Neer, 1972). Complete and lateral acromionectomy, which 
varies from partial to complete removal of the acromion, have also been advocated as 
exercise with biofeedback in the past. However, disappointment with the results of those 
procedures due to; weakening of the leverage of the deltoid, displacement of the attachments 
of the origin of the deltoid, formation of sinuses with bursal or joint fluid draining from the 
skin, deep scars, and with lateral acromionectomy, the persistence of symptoms because of 
residual impingement (Neer, 1972). Neer stated that lateral acromionectomy unnecessarily 
weakened the deltoid, which is undesirable when the rotator cuff was already deficient, and it 
removes part of the acromion that was posterior to the pathology. 
 In summary, subacromial impingement syndrome is defined as a mechanical 
compression, or abrasion of the rotator cuff tendonous structures as they pass beneath the 
coracoacromial arch, and has many theorized mechanisms of injury. There is a dispute in the 
literature of whether altered scapular kinematics accompanies subacromial impingement or 
not, but there are numerous studies that demonstrate the former. Altered kinematic patterns 
due to muscle imbalances could be a key factor in the development or progression of 
subacromial impingement syndrome.    
 Electromyography biofeedback as part of an exercise program. It is important to 
understand the risk factors of developing subacromial impingement syndrome (SIS), in order 
to evaluate those that would be a good match for exercise with biofeedback using 
electromyography (EMG) biofeedback (Lewis et al., 2005). Those at a heightened risk for 
developing SIS are involved in occupations and activities that encompass heavy amounts of 
overhead lifting, or consistent elevation of the arms at or above shoulder level (Lewis et al., 
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2005). Electromyography biofeedback is a way of instantly and continuously providing 
electronic displays of internal physiological events that otherwise would go unnoticed, until 
there is a pathology or injury of some type associated with it (Basmajian, 1981). The signals 
that are being displayed to the person, either in the form of sight or sound, can be altered by 
the subject themselves (Basmajian, 1981). The manipulation of the signals occurs as the 
subject is trying to activate target muscles, while simultaneously quieting others. If an 
exercise program were to be created through the use of EMG biofeedback, it could possibly 
be utilized as a means to prevent the onset of subacromial impingement syndrome.  
 Most shoulder rehabilitation protocols place emphasis on scapular exercise only early 
in the rehabilitation stage. The goals of programs such as these are to restore scapular 
exercise only, in order to maintain a position of external rotation and posterior tilt, which 
together make up retraction, as the beginning position for the start of shoulder function 
rehabilitation (Kibler et al., 2008). To avoid impingement with elevation of the humerus, it is 
vital that the scapula posteriorly tilt, externally rotate and upwardly rotate (Kibler et al., 
2008). Scapular upward rotation elevates the lateral acromion, which is necessary in the 
creation of space for the rotator cuff muscles between the acromion and greater tuberosity of 
the humerus. Posterior tilting of the scapula elevated the anterior acromion, which could be a 
critical movement in the creation of space for the subacromial tissues, including long head of 
the biceps, subacromial bursa and rotator cuff tendons (Lin et al., 2005).   
 Changes in scapular kinematics seen with those who have subacromial impingement 
syndrome could be as a result of altered muscle activation patterns. Electromyography 
biofeedback has been demonstrated as an effective tool in re-training correct muscle 
activation patterns in various populations, and could be an effective and efficient tool in the 
 31 
 
use of rehabilitation programs for those who have subacromial impingement syndrome 
(Holtermann et al., 2010; Ma et al., 2011; Vedsted et al., 2011). There is a hypothesis that 
links insufficient muscle relaxation and muscle damage due to continuously activated motor 
units. The Cinderella hypothesis proposes that pain is caused by an overuse of low-threshold 
motor units that may become metabolically overloaded resulting in muscle pain and strain 
(Hagg et al., 1991; Hermens et al., 2002; Ma et al., 2011; Vedsted, Søgaard, Blangsted, 
Madeleine, & Sjøgaard, 2011; Voerman, Vollenbroek-Hutten, & Hermens, 2006). The low-
threshold motor units are recruited first in a movement, and will remain active until complete 
relaxation of the muscle. This hypothesis could be an explanation for the relationship 
between abnormal muscle activation patterns and myalgia seen with subacromial 
impingement syndrome (Hagg et al., 1991; Hermens et al., 2002; Ma et al., 2011; Vedsted, 
Søgaard, Blangsted, Madeleine, & Sjøgaard, 2011; Voerman, Vollenbroek-Hutten, & 
Hermens, 2006). A myofeedback system that provides signals when the upper trapezius 
activity is above a certain threshold was created by Hermens and colleagues (2002), and 
emphasized the idea of total relaxation of the overactive muscle (Hermens et al., 2002).  
 Results from a study by Huang et al (2013), demonstrated the potential of 
electromyography biofeedback to increase the activation of the lower trapezius and serratus 
anterior while decreasing the activation of the upper trapezius. Electromyography 
biofeedback is shown to be a likely tool in restoring muscular balance by reducing ratios 
between the upper trapezius and lower trapezius, as well as the upper trapezius and serratus 
anterior (Huang et al., 2013). In a study by Huang and colleagues (2013), after completing 
side-laying external rotation, forward flexion, and push-up plus exercises, EMG biofeedback 
reduced trapezii ratios in both healthy subjects and subjects with subacromial impingement 
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(Huang et al., 2013).  Reductions in upper trapezius activity were seen in the biofeedback 
group, and were greater than those seen with the passive exercise with biofeedback and 
active exercise groups. The pain scores for the neck, as well as disability scores were lower 
in the biofeedback group than the other two exercise with biofeedback groups, or the exercise 
only group. Lessened upper trapezius muscle activity and pain indicated that there were 
altered muscle exercise only mechanisms that contribute to musculoskeletal disorders, such 
as subacromial impingement syndrome. There was a carryover affect with nearby muscles 
(cervical extensor spinae) from the biofeedback aimed at reducing activity in the upper 
trapezius and cervical erector spinae. This carryover indicates that the subjects were able to 
learn a new muscle activation strategy for relaxing the muscles of the neck and shoulder, as a 
result of the biofeedback training received (Ma et al., 2011).  
 In one study by Holterman et al. (2010), complete selective activation of both the 
upper and lower serratus anterior was seen with one subject, and selective activation of either 
the upper or lower serratus anterior was seen with five subjects after an hour of 
electromyography biofeedback training indicating the ability of using electromyography 
biofeedback as a learning tool for activation of specific muscle fibers while wanting to keep 
others more quiet. The activation seen with the lower trapezius and lower serratus anterior in 
some of the subjects implies that there could be a synergistic action and possible force couple 
between the serratus anterior and lower trapezius muscles that could be important in reducing 
excessive load on the upper trapezius and scapula (Holtermann et al., 2010). The results from 
this study indicate that the subdivisions of the trapezius muscles are able to carry out fine 
actions on the scapula (Holtermann et al., 2010). Muscle activity in the right middle trapezius 
was reduced by 30% and activity with the left middle trapezius was reduced by 50% when 
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biofeedback was used unilaterally on the right side compared to a exercise only that did not 
receive the exercise with biofeedback. Vedsted et. al. (2011), also found that EMG 
biofeedback could be utilized as a tool for muscle activation reduction, especially with 
activities of daily living, in healthy female subjects after performing standardized computer 
work (Vedsted et al., 2011).  
 Ratios of the upper trapezius/lower trapezius were lowered with biofeedback training, 
indicating increase in lower upper trapezius activity (Huang et al., 2013). The reduction in 
ratios were seen during the concentric phase of forward humeral flexion for both the healthy 
and subacromial impingement syndrome groups, and  during the eccentric phase for the 
subacromial impingement syndrome group (Huang et al., 2013). During side laying, external 
rotation ratios of the upper trapezius/lower trapezius were lower during both eccentric and 
concentric phases in the healthy group after biofeedback. There was also a lowering of the 
upper trapezius/serratus anterior ratio after biofeedback during the concentric phase of side 
laying external rotation in the subacromial impingement syndrome group. This study 
confirmed that both a healthy population and those with subacromial impingement syndrome 
group could benefit from biofeedback training and learn how to exercise only scapular 
muscles during selected exercises (Huang et al., 2013).  
 Pain and function improved with subjects who had subacromial impingement 
syndrome following 10 weeks of a motor exercise only intervention that consisted of 
performance of exercises focusing on proper kinematics of the scapula, using verbal and 
palpation cues (Worsley et al., 2013). Analysis of the kinematic data demonstrated 
significantly less posterior tilt during humeral elevation in the frontal and scapular planes in 
those with subacromial impingement syndrome compared to a healthy exercise only. A 
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general trend of less scapular upward rotation and posterior tilt at 90° of humeral elevation 
was seen with subjects who had SIS (Worsley et al., 2013).  
 Rehabilitation programs that focus on motor exercise only and strengthening 
exercises could be an effective means in reducing shoulder pain and improving function in 
those with subacromial impingement syndrome (Roy et al., 2009). Worsley et al.(2013), 
demonstrated that intervention programs focusing on motor exercise only based exercises 
influenced scapular kinematics during humeral elevation up to 90° in young subacromial 
impingement subjects (Worsley et al., 2013).  
 In summary, electromyography biofeedback has been demonstrated as a useful tool in 
the rehabilitation of persons with subacromial impingement syndrome when focusing on 
altered muscle activation patterns, and scapular kinematics. Rehabilitation programs often 
focus on re-education of proper kinematics as well as muscle activation using exercises 
aimed at targeting specific weak muscles. Electromyography biofeedback is another tool that 
can be used in aid of the exercises performed during rehabilitation programs, and gives the 
patients another form of education utilizing the visual and sometimes auditory cues.  
Summary 
 It is evident in the literature that although the understanding of subacromial 
impingement syndrome has evolved, there are still numerous things that are not well 
understood about the syndrome. There are a vast amount of possibly pathological 
mechanisms that could aid in the development or progression of subacromial impingement 
syndrome, and many secondary injuries that could result from onset of the syndrome. 
Because of the anatomy of the shoulder girdle, it is one of the least congruent joints in the 
body, and relies on the tendonous structures and musculature for movement and stabilization. 
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There is evidence that altered scapular kinematics occur concurrently with subacromial 
impingement syndrome, and that poor kinematics could be as a result of changes in muscle 
activation patterns (Michener et al., 2003). 
 Electromyography biofeedback has been demonstrated to be a tool in the aid of 
rehabilitation programs for those with subacromial impingement syndrome (Holtermann et 
al., 2009). During exercises the patient is able to see live physiological mechanisms that are 
happening within their muscles, and is able to manipulate the signal to activate, or relax 
specific target muscles. There have been decreases in upper trapezius activity, as well as 
increases in lower trapezius and serratus anterior activity after sessions of biofeedback 
training (Holtermann et al., 2009). There have also been changes seen with scapular 
kinematics as a result of the changes in muscle activation patterns (Holtermann et al., 2010). 
The information presented in previous research demonstrates a possibility for the 
rehabilitation of subacromial impingement syndrome to be more permanent than it is 
currently through the use of long-term biofeedback training.  
 Subacromial impingement syndrome (SIS) can lead to functional loss, or disability 
(Michener et al., 2003). Those who are at a heightened risk of developing SIS are involved in 
occupations or activities that encompass large amounts of heavy overhead lifting, or constant 
movement at or above shoulder level (Lewis et al., 2005). Previous research has 
demonstrated that EMG biofeedback can be a useful tool in the rehabilitation of SIS once it 
has developed, but there is little research investigating the effects of utilizing biofeedback in 
a healthy population as a tool for preventing the onset of SIS (Holtermann et al., 2009). 
Utilizing the information presented in the research investigating alterations in both muscle 
activation patterns, and scapular kinematics in a pathological population, it is clear that EMG 
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biofeedback may be a useful tool in the prevention of the onset of subacromial impingement 
syndrome in a healthy population. More research is needed in this area.       
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Chapter III 
Methods and Procedures 
Introduction 
 This study was designed to investigate the effects of EMG biofeedback on scapular 
kinematics and scapular stabilizer muscle activation. Differences with scapular kinematics, 
and muscle activation patterns of the scapular stabilizers were assessed before and after the 
five-week exercise intervention program utilizing EMG biofeedback. This chapter has been 
divided up into sections covering the description of the population used in the study, the 
design of the study, data collection procedures and data analysis. A description of the 
instrumentation used during the study for the intervention, and measurement procedures, as 
well as the software and techniques used during the data processing are included within this 
chapter as well.  
Description of the Study Population 
 There were 21 subjects included in this study (9 males and 11 females), who were 
university students in a Kinesiology program. One subject withdrew from the study as a 
result of a shoulder dislocation that was not related to the intervention. Subjects participated 
in regular physical activity and were considered healthy. The average age was 22.3 ± 1.9 
years (range: 21 - 28 years), average height was 171.4 ± 11.2 cm (range: 152.4 – 190.5 cm), 
and average weight was 67.3 ±10.3 kg (range: 46.7 – 83.9 kg). None of the subjects had 
experienced pain or discomfort in the shoulder region within a year, had previously been 
diagnosed with shoulder injury, or had shoulder surgery in their dominant arm. Subjects who 
had previously received EMG biofeedback training were excluded from the study. The Ethics 
Committee of Western Washington University approved this experiment (Appendix A). 
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Design of the Study 
 This study was a pre-test, post-test randomized study. The subjects were divided into 
two groups, an exercise only and exercise with biofeedback group, by random assigning via a 
coin flip. Both groups received verbal instruction on how to perform and log the exercises 
during the five weeks, and the exercise with biofeedback group received half an hour of one 
on one EMG biofeedback once a week for the duration of the five-week intervention. All 
subjects received baseline testing during week one, and were re-tested at week six. Both the 
exercise with biofeedback and exercise only groups were instructed to come back two weeks 
after the testing was performed during week six for one final testing session, following two 
weeks of exercise and biofeedback cessation. Both groups were asked to provide logs of the 
completed exercises (Appendix B), and the exercise only group was asked to have weekly 
contact with the test administrator to aid in compliance.  
Data Collection Procedures 
 Subjects were assigned a specific number for identification purposes, and for the 
baseline testing session, they were required to fill out a survey (Appendix C) with their self-
reported anthropometric measurements, as well as an informed consent (Appendix D). 
Before instrumentation began, all subjects were told the sequence of protocol, and were 
asked if they met all of the inclusion criteria. Those that did not meet inclusion criteria were 
thanked for their time, and were not allowed to participate in the study. A checklist of the 
procedures (Appendix E) performed during protocol was employed to ensure that all subjects 
underwent the testing protocol in the exact same order.  
 Electromyography instrumentation. Disposable, self-adhesive Ag/AgCl snap 
electrodes were placed on the upper and lower trapezius, serratus anterior, and lumbar 
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paraspinals unilaterally (Appendix F) (Noraxon, Scottsdale, AZ, USA). The inter-electrode 
distance was 1.75 cm. Lumbar paraspinal EMG data were collected to ensure that the 
subjects were not excessively activating their lumbar spine during the exercises, as a result of 
a possible compensatory mechanism. The skin was cleaned with alcohol wipes, and any hair 
was shaved off to reduce any noise. Table 1 shows where the electrodes were placed for each 
muscle tested.  
Muscle Electrode Placement 
Upper trapezius 2 cm lateral of the midpoint between the 
spinous process of the 7th cervical vertebrae 
and posterior tip of the acromion process. 
Lower trapezius Placed at an oblique angle, 5 cm inferior 
from the scapular spine, outside of the 
medial border and the spinal process of the 
7th thoracic vertebrae.  
Serratus anterior Inferior to axilla equal to the level of the 
inferior angle of the scapula. Posterior to the 
pectoralis major and anterior to the 
latissimus dorsi.  
Lumbar extensors 3 cm lateral to the midline at the level of the 
3rd and 4th lumbar vertebrae 
Table 1: EMG electrode placement (Andersson, Oddsson, Grundström, Nilsson, & 
Thorstensson, 1996; de Sèze & Cazalets, 2008; Huang et al., 2013; Kibler et al., 2008; Ma et 
al., 2011) 
All electrodes were placed parallel to the muscle fibers, and signals were verified 
through a test administrator tapping on the electrode, and having the subject perform a small 
muscle contraction using methods performed during the maximal voluntary isometric 
contraction testing for each of the muscles being measured. Correct placement was verified 
using diagrams that were provided in the lab based off of the information in table 1. The 
Noraxon (Noraxon, Scottsdale, AZ, USA) desktop direct transmission electromyography 
(EMG) system sampling at 1500 Hz was used to collect the lumbar paraspinals, serratus 
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anterior, upper and lower trapezius activation data. The EMG data were displayed on a 
stationary overhead projector connected to a PC-type of computer using MR3.4 MyoMuscle 
software (Noraxon, Scottsdale, AZ).  
 Scapular kinematic instrumentation. The Polhemus Fastrak 3-dimensional (3D) 
magnetic tracking system (Polhemus Inc., Colchester, VT, USA) was used to collect the 
scapular kinematic data for both the exercise only and exercise with biofeedback groups 
during testing. The Polhemus system consists of a transmitter, three receivers, and a digitizer 
(Appendix G). The transmitter served as a global reference frame and was fixed to a rigid 
plastic base oriented so that the coordinate axes align with the cardinal planes of the human 
body. A humeral cuff was used to fasten one receiver to the distal humerus. A second 
receiver was fastened to the scapula via a customized scapular tracker, and a third receiver 
was placed on the sternal notch (Appendix G). Table 2 shows where the markers were placed 
for the Polhemus system.  
Receiver Placement 
Scapular tracker This device consists of three parts: a base, an adjustable arm, and a 
footpad. The receiver is mounted on the base, which has a hinge joint 
that can be pivoted and locked so that it conforms to the mid-portion of 
the scapular spine. The arm extends from the base and its length can be 
adjusted and locked so that it reaches the acromion. The footpad is 
connected to the arm via a ball and socket joint that can be adjusted and 
secured so that the footpad sits flush on the same area of the posterior-
lateral acromion used for the acromial method. Both the base and 
footpad of the scapular tracker were attached to the skin with adhesive-
backed hook and loop Velcro strips. 
Thorax Receiver taped on the sternum 2.5 cm inferior to the jugular notch. 
Humeral cuff Humeral receiver mounted on a molded cuff and strapped to the distal 
humerus 
  Table 2: Polhemus 3-D tracker receiver placement (Karduna, McClure, Michener, & 
Sennett, 2001).  
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 The scapular 3-dimensional anatomical coordinate system was defined by using a 
Polhemus sensor pen and digitizing the spinous process of C7, T1, T7, and T8, the sternal 
notch, the sternoclavicular joint, and lateral and medial epicondyles of the humerus. Using a 
customized LabVIEW 2010 (National Instruments, Austin, TX, USA) program, the 
investigator was prompted to move the humerus into neutral, flexion, extension, elevation, 
depression, and internal and external rotation, in order to estimate the location of the center 
of the humeral head (Harryman, Sidles, Harris, & Matsen, 1992). The base of the scapular 
spine, inferior border, posterolateral border of the acromion, and the acromioclavicular joint 
were digitized twice. The same investigator performed the digitization process, and used 
previously palpated marks by them from the instrumentation of the subject. The movements 
performed by each segment were represented as Euler angle sequence-dependent rotations 
(Suprak, Bohannon, Morales, Stroschein, & San Juan, 2013). This process was performed to 
establish an anatomical coordinate system for the bony landmarks and segments digitized. 
This was in accordance for the standard endorsed by the International Society of 
Biomechanics (Wu et al., 2005).  
 Measurement techniques and procedures. To avoid misinterpretation of data, or 
malfunction of equipment from improper set-up, each subject received testing from the same 
administrator. The exercise only group (n = 10, 6 females and 4 males) was given a set of 
scapular stabilization exercises (i.e. I, W, T, Y) (Appendix H) without EMG biofeedback 
training, and was told to practice them three times a week for the duration of the five weeks. 
The exercises were performed in a standing position. The exercise with biofeedback group (n 
= 10, 5 females and 5 males) was given the same set of scapular stabilization exercises and 
was instructed to practice them two times a week, and also received EMG biofeedback 
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training once a week for half an hour. The EMG biofeedback training session counted as one 
exercise session. Both groups underwent baseline testing during the first session, and came 
back for re-testing during weeks six and eight.  The subjects were asked to log their exercises 
to control for any inconsistency with the exercising, and try to maintain compliance.  
 Warm-up period. Subjects performed pendulum swings that consisted of using body 
weight to move the whole arm in circular motions at the glenohumeral joint. Once the 
circular motions were completed the subjects performed forward-backward chops, and side 
to side swings using the same technique, the arm was to go through flexion and extension 
using momentum. The goal of the warm up was to passively move the arm, and avoid 
activation of the muscles being tested as much as possible. Ten repetitions of each type of 
arm movement were performed for one set each before each testing and biofeedback session.  
 Maximal voluntary isometric contraction. After the electrodes were placed, subjects 
were asked to perform a maximal voluntary isometric contraction (MVIC). The MVIC was 
collected for the normalization of the raw data, so that percent of the subject’s maximal 
contraction could be assessed during data analysis. The upper trapezius MVIC was obtained 
by having the subject resist an adduction force placed on the lateral epicondyle of the 
humerus unilaterally. The lower trapezius MVIC was obtained by having the subject resist an 
abduction force of the humerus with the forearm flexed 90° (Kibler et al., 2008). Serratus 
anterior MVIC was obtained by having the subject flex their humerus 90° in the sagittal 
plane, and flex their forearm 90° and resist a horizontal adduction force. The lumbar 
paraspinals MVIC was obtained by having the subject lay prone on a table, with their torso 
completely off of the edge, and extend their trunk while a researcher held their feet for 
support, and another administrator placed resistance on their upper back. To measure the true 
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isometric contraction a test administrator would provide a force that the subject would resist 
for five seconds. The subjects were given instructions on what to do for each MIVC 
movement, and were allowed to practice before data was collected. Each subject was 
encouraged to provide maximal effort for each test. After the MVIC was collected for all of 
the subjects on the Noraxon DTS (Noraxon, Scottsdale, AZ, USA), another MVIC session 
was performed using a customized LabVIEW 2010 software (National Instruments, Austin, 
TX, USA). The purpose of the first MVIC protocol was for familiarization of the protocol for 
the subject, and to get the correct sensor numbers loaded onto the Noraxon DTS system in 
order synch with the LabView program. Data was collected during the second MVIC 
protocol to use for normalization of the signal during data analysis. After both MVIC 
sessions were collected the subjects were instrumented with the Polhemus trackers. 
 Scapular plane humeral elevation. In order to obtain scapular kinematic data, 
subjects were asked to elevate their arms in the scapular plane, which was defined as 40° ± 
10° of horizontal abduction (Ebaugh et al., 2005). Each subject elevated their arm within 
three seconds, and depressed their arm within three seconds. All subjects were advised to 
keep their elbows in full extension as elevation occurred, and there were strings hanging 
from the ceiling with weights attached to guide and ensure the movement was in the scapular 
plane (Appendix I). These guide strings were checked with each subject using the kinematics 
graphs in LabVIEW (National instruments, Austin, TX, USA). There was no pause during 
full elevation, and a test-administrator would count to make sure the subjects were able to 
complete the full elevation and depression in a total of six seconds. Subjects performed 
scapular plane humeral elevation three times without a pause in between each repetition, and 
 44 
 
were allowed to practice the movement before any data collection was initiated. This portion 
of the protocol was performed during testing at baseline, weeks six, and eight.  
Exercises performed. Verbal instruction of each exercise was given to both groups 
during the baseline testing period. The exercises given to all subjects consisted of the I, T, Y, 
W exercises (Appendix H). Exercises consisted of movement in the sagittal, coronal and 
transverse plane. The movements involved full range of motion (30°, 60°, 90° and 120°) to 
include those angles often seen as problematic with subacromial impingement. All exercises 
were performed standing with the subject facing the projection screen to see the biofeedback 
signals. Table 3 describes all of the exercises performed in detail. 
Table 3: Exercises performed, based off of similar exercises in the literature (Decker, 
Hintermeister, Faber, & Hawkins, 1999; Kibler et al., 2008; Moseley, Jobe, Pink, Perry, & 
Tibone, 1992).  
Exercise Placement of 
Arms/Forearms 
Action Performed 
I Arms at sides, fully extended 
with palms facing forward 
Retraction and depression 
W Arms abducted 90°, elbows 
flexed 90° with palms facing 
forward 
Retraction and depression 
T Arms abducted 90°, 
Forearms extended with 
palms facing up 
Retraction and depression 
Y Hands start crossed in front 
of body with palms facing 
back and elbow fully 
extended. Subject  externally 
rotates arm and elevates 
arms in the scapular plane to  
about 135° with forearms 
completely extended and 
thumbs  pointing back 
Retraction and depression 
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Both groups were asked to perform three sets of 10 repetitions of each exercise. All 
exercises were to be performed three times per week, and both groups were required to keep 
an exercise log, which consisted of times and types of exercises that were performed. The 
subjects were advised to stop the exercises if any pain or discomfort was felt during or after 
each exercise. During testing periods all subjects were advised to ask any questions about the 
exercises for clarification.  
Electromyography biofeedback. The exercise with biofeedback group received EMG 
biofeedback training once a week for the duration of the five weeks. Electrodes were placed 
to the upper trapezius, lower trapezius, serratus anterior, and lumbar paraspinals on the 
dominant side. After the warm up, the subjects were asked to perform their exercises at their 
own pace with no pause during exercise repetitions, or between sets of exercises. Verbal 
instruction was given if subjects had questions about reading the EMG signals projected on 
the screen, and the biofeedback session was counted as one of the three times that the 
subjects were required to perform the exercises given during each week. The goal for the 
subjects were to lower their upper trapezius activation while increasing activation of the 
lower trapezius. The subjects were instructed to achieve a two to one ratio, and the feedback 
administrator assisted the subjects in achieving the correct muscle activation patterns during 
the biofeedback sessions, as well as during the testing sessions. The two to one activation 
ratio of the lower trapezius to the upper trapezius were chosen to act as an overload of the 
lower trapezius in order to possibly induce a change in the muscle activation patterns. During 
the EMG biofeedback sessions, subjects would be given verbal instruction to not extend their 
lumbar spine if there was EMG activity with the paraspinals above 25% of their recorded 
MVIC. The exercise only group was given verbal instruction to not extend their lumbar spine 
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while performing the exercises during the baseline instructions, but did not receive the 
weekly feedback from the test administrators, as a result of not receiving the EMG 
biofeedback training. Subjects were given videos of the exercises being performed properly, 
and were given verbal and tactile cues during the biofeedback sessions, and at the beginning 
of the study when the exercises were introduced.    
 Experimental protocol. Both groups were tested during weeks one, six, and eight. 
During testing periods subjects were instrumented using the same protocol as in the EMG 
biofeedback sessions, and baseline testing performed during week one. The order that the 
subjects were tested was randomized, and subjects were not allowed to watch testing 
sessions. Electrodes were placed on the upper and lower trapezius, serratus anterior, and 
lumbar paraspinal muscles unilaterally. After subjects went through the warm up period, 
using the same protocol as the baseline testing, the MIVC was measured. After both MVIC 
sessions were complete, the markers to measure scapular kinematics were placed on the 
thorax, dominant scapula and humerus. Scapular kinematic testing took place once at weeks 
one, six, and eight. During scapular kinematic testing, the subjects were advised to elevate 
their humerus with the elbow fully extended through their full range of motion in the 
scapular plane. There was string to guide each subject throughout the movement, in the 
scapular plane. The subjects were to elevate their humerus to a count of three seconds, and 
depress their humerus to a count of three seconds. The test administrator helped them count 
so that the movement was as smooth and close to the protocol as possible. The subjects were 
advised to concentrate on keeping the scapula depressed and adducted throughout humeral 
elevation, as they are supposed to be focusing on during their exercise protocol. After testing 
the subjects were de-instrumented and cleaned of any electrode residue.  
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 Data processing. All EMG data were rectified, smoothed using a root mean squared 
function with a 30 ms window, and normalized to the MVIC. The data retrieved from MR3.4 
(Noraxon, Scottsdale, AZ, USA) was used during the biofeedback sessions to show 
percentage of the MVIC during the exercises. The gain was 500, and the CMRR was > 100 
dB for the Noraxon DTS system (Noraxon, Scottsdale, AZ, USA).  
Data Analysis 
 There were three independent variables; time (baseline, week 6, and week 8),  group 
(exercise with biofeedback and exercise only), and angle of humeral elevation (30°, 60°, 90°, 
and 120°) as well as six dependent variables; scapular posterior tilt, external rotation, and 
upward rotation, and EMG data (unilateral muscle activation of the upper and lower 
trapezius, and serratus anterior). Ratios between the upper trapezius/lower trapezius, and the 
upper trapezius/serratus anterior were calculated. A three way mixed analysis of variance 
(ANOVA) was performed on the data using SPSS (version 20.0.1). If the three-way 
interaction denoted stastical significance a simple effect analysis was run, and a bonferroni 
correction was applied. To measure the size of the effect a partial eta squared calculation was 
performed to see the percent difference between the groups that was attributable to the EMG 
biofeedback training. 
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Chapter IV 
Results and Discussion 
Introduction 
 This study tested the hypothesis that a five week EMG biofeedback exercise 
intervention would increase scapular upward rotation, external rotation, and posterior tilt as a 
result of decreased upper trapezius muscle activation in conjunction with increased lower 
trapezius and serratus anterior muscle activation. The independent variables in this study 
consisted of humeral elevation in the scapular plane, specifically 30°, 60°, 90°, and 120°, as 
well as the time that each subject was tested, week one (baseline), week six, and week eight. 
The dependent variables consisted of scapular rotations; upward/downward rotation, 
external/internal rotation, and anterior/posterior tilt, as well as the muscle activation patterns 
of the upper trapezius, lower trapezius, and serratus anterior on the dominant side. Mean 
EMG amplitudes were normalized to the maximal voluntary isometric contraction (MVIC) of 
the upper trapezius, lower trapezius, and serratus anterior were measured for both the 
exercise with biofeedback and exercise only groups at weeks one (baseline), six, and eight. 
At week five, scapular stabilization exercises concluded, and kinematic and EMG testing 
were performed during week six. In week eight, scapular kinematics and muscle activations 
were recorded during elevation trials to assess if changes that occurred during week six, are 
still evident. Two different analysis were performed to examine scapular kinematics and 
EMG muscle activation. A Three-way mixed analysis of variance (ANOVA) was performed 
to compare the group (exercise and exercise with biofeedback), time (Week 1, 6 and 8), and 
humeral elevation (30, 60, 90, 120 degrees). If there was stastical significance with the two 
way interaction or main effects, a pairwise comparison was performed, and a bonferroni 
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correction was applied, in which an alpha level of p < 0.0038 denoted statistical significance 
for scapular kinematic analysis, while p < 0.0083 denoted statistical significance for the 
mean muscle activation analysis.  Pairwise comparisons were performed in the instance of 
significance with the simple effect analysis. A partial-eta squared was calculated to 
demonstrate the effect size that would be attributable to the EMG biofeedback exercise 
intervention.  
Results 
 Scapular kinematics. Mauchly’s test of sphericity revealed that the data for the three 
scapular rotations; upward rotation, downward rotation, and posterior tilt that were measured, 
violated the assumption of sphericity for both the elevation and elevation/time interaction (p 
< 0.05). Therefore, the Greenhouse-Geisser correction was applied for both of these effects 
with each scapular rotation measured. Mauchly’s test also revealed that the data for the three 
scapular rotations measured did not violate the assumption of sphericity for the effect of 
time. Therefore, sphericity assumed was used during analysis for that effect.  
 For posterior tilt, there was not a significant three-way interaction between time, 
elevation, and group (F[2.221, 39.985] = 1.605, p = 0.212, η = 0.082, observed power = 
0.336). A main effect analysis revealed no significant effect of time (F[2, 36] = 0.956, p = 
0.394, η = 0.050, observed power = 0.203). Analysis of the two-way interactions revealed 
that there was no significant interaction between time and group (F[2, 36] = 0.133, p = 0.876, 
η = 0.007, observed power = 0.069), elevation and group, (F[1.159, 20.855] = 2.715, p = 
0.110, η = 0.131, observed power = 0.373), nor for time and elevation (F[2.221, 39.985] = 
0.222, p = 0.824, η = 0.012, observed power = 0.084). However, there was a significant main 
effect of elevation (F[1.159, 20.855] = 29.874, p < 0.001, η = 0.624, observed power = 
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1.000). A pairwise comparison was performed, and after the bonferroni correction was 
applied, the main effect of elevation was not statistically significant between 30° and 60° (p 
=0.182). However, there was stastical significance observed between 30° and 90° (p < 
0.001), 30° and 120° (p < 0.001), 60° and 90° (p < 0.001), 60° and 120° (p < 0.001), and 
between 90° and 120° (p = 0.003) of humeral elevation. The figures below demonstrate 
scapular posterior/anterior tilt at 30°, 60°, 90°, and 120° of humeral elevation in the scapular 
plane for both the exercise only, and the exercise with biofeedback groups. All figures 
represent the mean and standard error of the mean for the data. 
 
Figure 1. A graphical comparison of the scapular posterior/anterior tilt between baseline, 
week six, and week eight for the exercise with biofeedback group, during humeral elevation 
in the scapular plane. Less negative vales indicate more posterior tilt. 
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Figure 2. A graphical comparison of the scapular posterior/anterior tilt between baseline, 
week six, and week eight for the exercise only group, during humeral elevation in the 
scapular plane. Less negative vales indicate more posterior tilt.  
For upward rotation, no significant three-way interaction between time, elevation, and 
group was observed (F[2.524, 45.437] = 0.476, p = 0.668, η = 0.026, observed power = 
0.132). A main effect analysis revealed that there was no significance found for the main 
effect of time (F[2, 36] = 2.115, p = 0.135, η = 0.105, observed power = 0.405). There was 
no significant the interaction between time and group (F[1.793, 32.277] = 0.492, p = 0.596, η 
= 0.027, observed power = 0.120), elevation and group (F[1.581, 28.463] = 2.363, p = 0.122, 
η = 0.116, observed power = 0.392), nor time and elevation (F[2.524, 45.437] = 1.769, p = 
0.174, η = 0.089, observed power = 0.394). However, there was a significant main effect 
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observed with elevation (F[1.581, 28.463] = 934.269, p < 0.01, η = 0.981, observed power = 
1.000). A pairwise comparison was performed, and after the bonferroni correction was 
applied, the main effect of elevation was statistically significant between 30° and 60° (p < 
0.001), 30° and 90° (p < 0.001), 30° and 120° (p < 0.001), 60° and 90° (p < 0.001), 60° and 
120° (p < 0.001), and between 90° and 120° (p < 0.001) of humeral elevation. The figures 
below demonstrate scapular upward/downward rotation at 30°, 60°, 90°, and 120° of humeral 
elevation in the scapular plane for both the exercise only, and the exercise with biofeedback 
groups. All figures represent the mean and standard error of the mean for the data. 
 
Figure 3. A graphical comparison of the scapular upward/downward rotation between 
baseline, week six, and week eight for the exercise with biofeedback group, during humeral 
elevation in the scapular plane. Larger positive values indicate more upward rotation. 
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Figure 4. A graphical comparison of the scapular upward/downward rotation between 
baseline, week six, and week eight for the exercise only group, during humeral elevation in 
the scapular plane. Larger positive values indicate more upward rotation. 
 For external rotation, there was no significant three-way interaction between time, 
elevation, and group (F[2.190, 39.428] = 0.148, p = 0.880, η = 0.008, observed power = 
0.072). A main effect analysis revealed no significant effect of time (F[2, 36] = 0.110, p = 
0.896, η = 0.006, observed power = 0.066). There was no significant interaction between 
time and group (F[1.943, 34.974] = 0.862, p = 0.428, η = 0.046, observed power = 0.184), 
elevation and group, (F[1.327, 23.884] = 0.075, p = 0.853, η = 0.004, observed power = 
0.059), nor for time and elevation (F[2.190, 39.428] = 1.274, p = 0.293, η = 0.066, observed 
power = 0.271). However, there was a significant main effect of elevation (F[1.327, 23.884] 
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= 7.840, p = 0.006, η = 0.303, observed power = 0.838). A pairwise comparison was 
performed, and after the bonferroni correction was applied, the main effect of elevation was 
statistically significant between 30° and 90° (p = 0.001), and between 60° and 90° (p = 
0.001) of humeral elevation. The main effect of elevation was not statistically significant 
between 30° and 60° (p = 0.007), 30° and 120° (p = 0.086), 60° and 120° (p = 0.617), and 
between 90° and 120° (p = 1.000) of humeral elevation. The figures below demonstrate 
scapular external/internal rotation at 30°, 60°, 90°, and 120° of humeral elevation in the 
scapular plane for both the exercise only, and the exercise with biofeedback groups. All 
figures represent the mean and standard error of the mean for the data. 
 
Figure 5. A graphical comparison of the scapular external/internal rotation between baseline, 
week six, and week eight for the exercise with biofeedback group, during humeral elevation 
in the scapular plane. Less negative vales indicate more external rotation.  
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Figure 6. A graphical comparison of the scapular external/internal rotation between baseline, 
week six, and week eight for the exercise only group, during humeral elevation in the 
scapular plane. Less negative vales indicate more external rotation. 
 Muscle activation. Mauchly’s test revealed that the mean data for the three muscles 
measured; upper trapezius (UT), lower trapezius (LT), and serratus anterior (SA), violated 
the assumption of sphericity for the interaction between time and muscle (p < 0.05). 
Therefore, a Greenhouse-Geisser correction was applied to the mean EMG amplitude for that 
interaction. Mauchly’s test also revealed that the data for the three muscles measured did not 
violate the assumption of sphericity for the effect of time, nor for the effect of muscle. 
Therefore, sphericity assumed was used during analysis for those effects. 
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A three-way mixed ANOVA revealed that there was not a significant interaction 
between time, muscle, and group (F[1.849, 27.734] = 1.460, p = 0.249, η = 0.089, observed 
power = 0.276). A main effect analysis revealed that there was no significant effect observed 
with time (F[2, 30] = 0.706, p = 0.502, η = 0.045, observed power = 0.158). There was no 
significant interaction between time and group (F[1.608, 24.116] = 0.731, p = 0.464, η = 
0.046, observed power = 0.149), muscle and group (F[1.508, 22.616] = 1.438, p = 0.253, η = 
0.087, observed power = 0.283), nor between time and muscle (F[4, 60] = 1.099, p = 0.366, η 
= 0.068, observed power = 0.325). However there was a significant main effect observed 
with muscle (F[2, 30] = 5.773, p = 0.008, η = 0.278, observed power = 0.832). A pairwise 
comparison was performed, and after the bonferroni correction was applied, the main effect 
of muscle was not statistically significant between the UT and LT (p = 0.063), UT and SA (p 
= 0.022), and the LT and SA (p = 1.000).  The figures below demonstrate the mean EMG 
amplitude as a percentage of the subjects’ maximal voluntary isometric contraction 
(%MVIC) for the UT, LT, and SA for both the exercise only, and exercise with biofeedback 
groups at baseline, week six and week eight. The data was recorded during humeral elevation 
in the scapular plane. All figures represent the mean and standard error of the mean for the 
data. 
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Figure 7. A graphical comparison of the mean EMG amplitude (%MVIC) of the upper 
trapezius between baseline, week six, and week eight for the exercise with biofeedback 
group.  
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Figure 8. A graphical comparison of the mean EMG amplitude (%MVIC) of the lower 
trapezius between baseline, week six, and week eight for the exercise with biofeedback 
group.  
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Figure 9. A graphical comparison of the mean EMG amplitude (%MVIC) of the serratus 
anterior between baseline, week six, and week eight for the exercise with biofeedback group. 
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Figure 10. A graphical comparison of the mean EMG amplitude (%MVIC) of the upper 
trapezius between baseline, week six, and week eight for the exercise only group.  
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Figure 11. A graphical comparison of the mean EMG amplitude (%MVIC) of the lower 
trapezius between baseline, week six, and week eight for the exercise only group.  
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Figure 12. A graphical comparison of the mean EMG amplitude (%MVIC) of the serratus 
anterior between baseline, week six, and week eight for the exercise only group.  
Muscle activation ratios were calculated for the mean EMG amplitude. A number less 
than one reveals greater lower trapezius or serratus anterior muscle activation than upper 
trapezius, and a number greater than one reveals greater upper trapezius muscle activation 
than lower trapezius, or serratus anterior. Table 4 demonstrates the ratios that were calculated 
from the data of this current study at baseline, week six, and week eight during humeral 
elevation of the dominant arm.  
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Exercise with biofeedback  
Ratio Time Mean EMG Amplitude 
UT:LT Baseline 
Week 6 
Week 8 
 
0.393 
0.501 
0.453 
 
UT:SA Baseline 
Week 6 
Week 8 
0.542 
0.628 
0.783 
 
 
Exercise only 
  
Ratio Time Mean EMG Amplitude 
UT:LT Baseline 
Week 6 
Week 8 
 
1.116 
0.794 
0.516 
UT:SA Baseline 
Week 6 
Week 8 
0.667 
1.138 
0.401 
 
 
  
 
 
Table 4. Muscle activation ratios between the upper trapezius and lower trapezius (UT:LT), 
upper trapezius and serratus anterior (UT:SA) for both the exercise with biofeedback and 
exercise only groups.  
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Discussion 
This study investigated the effects of a five-week EMG biofeedback exercise 
intervention on scapular kinematics and muscle activation patterns of the main scapular 
stabilizers. The study consisted of two different groups who performed the same exercises 
targeting activation of the lower trapezius, and serratus anterior, while decreasing activation 
of the upper trapezius. The exercise only group (n = 10) performed the exercises at home 
three times a week without an EMG biofeedback session, while the exercise with 
biofeedback group (n = 10) performed the exercises twice at home and once during an EMG 
biofeedback session in the laboratory. Mean EMG amplitude of the upper trapezius, lower 
trapezius, and serratus anterior, as well as scapular upward rotation, posterior tilt, and 
external rotation, were measured for both the exercise with biofeedback and exercise only 
groups at baseline (week one), week six, and week eight. The research hypothesis tested for 
this study was that biofeedback training would significantly decrease the activation of the 
upper trapezius, and significantly increase the activation of the lower trapezius and serratus 
anterior. In addition to the alterations in muscle activation, this study tested the hypothesis 
that the scapula would significantly increase upward rotation, posterior tilting, and external 
rotation during humeral elevation in the scapular plane.  
Scapular kinematics. Altered scapular kinematics are thought to be a result of 
abnormal muscle activation patterns and ratios, specifically observed as an over-activation of 
the upper trapezius, in combination to a decreased activation of the lower trapezius and 
serratus anterior (Ludewig & Cook, 2000). Those in a healthy population who are at a high 
risk of developing shoulder pathologies, such as subacromial impingement syndrome (SIS), 
have daily routines that involve large amounts of activities at shoulder height or higher 
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(Cools et al., 2007). Constant elevation of the humerus brings the structures of the rotator 
cuff, and subacromial bursa closer to the coracoacromial arch, and if the proper muscle 
activation patterns are not employed, might decrease that space even more, and impinge the 
structures underneath (Karduna et al., 2005). Electromyography (EMG) biofeedback could 
be a possible tool to alter undesired muscle activation patterns as a means to prevent the 
onset of SIS in a healthy population, as a potential result of altered scapular kinematics 
(Holtermann, Mork, Andersen, Olsen, & Søgaard, 2010).  
The results of this current study did not support the research hypothesis. There was no 
statistical significance found with scapular posterior tilt, external rotation, or upward rotation 
between baseline, week six, or week eight with the three-way analysis of variance that was 
performed. This indicates that the EMG biofeedback did not have a significant effect on the 
alteration of the scapular kinematics measured, and therefore did increase the stability of the 
scapula during humeral elevation. The lack of significance observed with the scapular 
kinematics measured, could be a result from the subjects being non-pathological. In a study 
by Huang et al, (2013), there was  no significance observed with scapular posterior tilt, or 
upward rotation in a healthy population after one session of biofeedback (Huang et al., 2013). 
There were no significant differences found with or without EMG biofeedback after one 
session (Huang et al., 2013). The healthy population could have been within the normal 
range of motion for each scapular rotation, and therefore would not elicit a statistically 
significant response if there were alterations to the kinematics.  
In the present study, the number of days that the intervention was performed might 
not have been long enough to elicit statistically significant alterations in the scapular 
rotations that were measured. During one study by Ma et al, (2011), investigating the effects 
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of daily biofeedback training for six weeks on work related neck and shoulder pain, 
significant decreases in pain were observed following the six-week protocol (Ma et al., 
2011). Another study by Andersen et al, (2010), investigating daily progressive resistance 
tube training for 10 weeks to mediate shoulder and neck pain observed statistically 
significant differences after the 10 week protocol (Andersen et al., 2011). The current study 
provided the subjects with one day a week of the EMG biofeedback intervention in order to 
mimic that of a rehabilitation, or preventative training type of program where someone would 
have an appointment with a trainer one day per week at most. There could have possibly 
been a statistically significant difference observed with the scapular kinematics measured if 
the EMG biofeedback intervention utilized in the current study was more than one day per 
week.  
The five-week length of the intervention in the current study may also be a reason for 
the lack of significance observed with the scapular kinematics measured. It has been 
demonstrated that six weeks of an EMG biofeedback intervention can elicit positive changes 
in shoulder and neck pain (Ma et al., 2011). Six weeks of training is in line with the current 
recommendations for exercise training, and there might have been significant alterations to 
the scapular kinematics measured in this study if the intervention was six weeks in length 
(Kuhn, 2009).  
The aim of this EMG biofeedback intervention was to increase scapular posterior tilt, 
along with external rotation, and upward rotation in order to increase the subacromial space, 
and stabilize the scapula against the thorax. There is some evidence that increased scapular 
posterior tilt is not beneficial to the increase in subacromial space, and therefore does not 
reduce the risk of onset SIS. Scapular posterior tilt elevates the anterior acromion during 
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humeral elevation, and in turn increases the subacromial space (Brossmann et al., 1996; 
Flatow et al., 1994). The importance of increasing the subacromial space is heightened 
between 60 and 120 degrees of humeral elevation, as this range of motion is when the under 
surface of the acromion and the rotator cuff tendons are in the closest proximity of each other 
(Flatow et al., 1994). Opposing the claim that greater posterior tilt increases the subacromial 
space was a study by Karduna et al. (2005). The authors investigated the effect of scapular 
orientation on subacromial contact forces in cadavers and found that posterior tilt had no 
effect on increasing subacromial space (Karduna et al., 2005).  However, it is important to 
note that Karduna et al. (2005) used cadavers, and there might be a difference in the scapular 
kinematics between cadavers and live humans. As a result of utilizing fresh cadavers in the 
Karduna et al. (2005) study that were dissected to the level of the rotator cuff, changes in 
scapular orientation were made independently, which as a result could have missed effects of 
combination patterns. The study also only looked at a single humeral orientation which 
consisted of 90 degrees of elevation in the scapular plane, with maximal internal rotation. 
With live humans, there are combination patterns, as well as multi-planar movement, which 
could be an explanation of the differences observed between this study and the study 
performed by Karduna et al. (2005).  
There is more variability with scapular external rotation, relative to the thorax, in 
comparison with scapular upward/downward rotation, and posterior/anterior tilt.  A study by 
Ludewig et al. (2009), found that there were significant differences in the scapular internal 
rotation among the three planes of humeral elevation, that were dependent on humeral 
elevation angles (Ludewig et al., 2009). The results from the aforementioned study 
demonstrated that with all humeral elevation angles, scapular internal rotation, relative to the 
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thorax, was significantly greater during sagittal plane humeral elevation, and less during 
frontal plane humeral elevation, compared to humeral elevation in the scapular plane 
(Ludewig et al., 2009). The variability that occurs with scapular external rotation in the three 
different planes of humeral elevation is vital in understanding what is considered to be 
normal scapular kinematic ranges of motion.  
Although there was no statistical significance with the measured scapular kinematics 
or muscle activation, there were some trends that could indicate the usefulness of the 
protocol employed in this study. For both the exercise with biofeedback and exercise only 
groups, the graphical representations of the data indicated that there was a trend toward 
increased upward rotation, observed between baseline and week six, and between baseline 
and week eight. As a result of the anatomical relationships between the structures in the 
shoulder, reductions in scapular upward rotation may reduce the subacromial space, and 
contribute to the onset of impingement (Michener et al., 2013). The trend toward increased 
upward rotation could be indicative of increased subacromial space, even though there was 
no significance found with either group. An increase in subacromial space brought on by 
increased upward rotation, could increase stabilization of the scapula against the thorax, thus 
decreasing the risk of subacromial impingement.  However, it is important to note that there 
was a trend toward lessened upward rotation between weeks six and eight for both groups as 
well. This could be indicative of a de-training type of effect where the subjects were not able 
to sustain the alterations in kinematics that were achieved by performing the exercises, both 
with and without EMG biofeedback. The importance of scapular upward rotation, posterior 
tilt, and external rotation in stabilizing the scapula is key in normative kinematics in a healthy 
population, and in preventing the onset of subacromial impingement (McClure et al., 2001). 
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The lack of statistical significance that was observed with the scapular rotations 
measured in this study could be attributed to the healthy population utilized, the frequency of 
the intervention, or the length of the intervention as a whole. Although the results from this 
study do not support the research hypothesis, there is alignment with current literature that 
indicates statistical significance may have been achieved if the aforementioned limitations 
were accounted for. The trends toward increased scapular upward rotation with both groups, 
although not statistically significant, could be indicative of possibly eliciting positive 
scapular kinematic alterations, increasing the subacromial space, and stabilizing the scapula 
against the thorax.  
Electromyography muscle activation. Electromyography biofeedback is a way to 
continuously provide displays of muscle activation with the intent on altering muscle 
activation patterns as the subject is performing exercises (Basmajian, 1981). The results of 
this study did not support the hypothesis that there would be an increase in lower trapezius 
and serratus anterior muscle activation, with a decrease in the activity of the upper trapezius. 
This does not align with a study by Huang et al (2013), which found that EMG biofeedback 
increased the activation of the lower trapezius and serratus anterior while decreasing the 
activation of the upper trapezius in a subacromial impingement population during forward 
humeral flexion compared to an exercise only protocol (Huang et al., 2013). This discrepancy 
could possibly be a result of differences in population included in the two studies. This study 
investigated a healthy population, while Huang et al (2013) investigated a subacromial 
impingement population. As observed with the muscle activation ratios listed in table 4, the 
subjects were generally within a healthy UT:LT, and UT:SA activation range, so any elicited 
changes that occurred may have not been large enough to be statistically significant.  In 
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addition, the current study included an intervention while the subjects in the Huang et al 
(2013) study participated in one session of biofeedback.  
In contrast to Ma et al (2011), who observed consistent trends of decreased upper 
trapezius muscle activation following a daily biofeedback session in healthy individuals with 
shoulder and neck pain after six weeks, biofeedback training did not significantly affect 
muscle activation in the current study (Ma et al., 2011). The population tested in the study by 
Ma et al (2011) consisted of 72 exercise with biofeedback subjects, and 60 exercise only that 
had experienced neck or shoulder pain at least 30 days within the previous year, and within 
seven days of the start of the protocol (Ma et al., 2011). In the current study, there were no 
consistent trends between the two groups, although the exercise only group did experience a 
decrease in upper trapezius muscle activation from baseline to week eight. Although the 
decreased upper trapezius activity observed in the exercise only group was not statistically 
significant, the change in upper trapezius activity could be a result of a slight increased 
ability to regulate muscle activity (Huang et al., 2013; Ma et al., 2011) It is important to note 
that there is evidence of an increased ability to regulate muscle activity leading to positive 
alterations to scapular kinematics, although the results from this study do not align with that 
(Huang et al., 2013; Ma et al., 2011).  
The muscle activation ratios that were calculated between the upper trapezius and 
lower trapezius (UT:LT), and the upper trapezius and serratus anterior (UT:SA), were lower 
than what is considered to be normative (Cools et al., 2007). All of the UT:LT ratios seen at 
baseline, week six, and week eight for both of the exercise with biofeedback and exercise 
only group fell below the normal range of 1.23 – 1.36, which indicates that there is close to a 
1:1 activation of upper trapezius to lower trapezius (Cools et al., 2007). The UT:LT ratios for 
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both groups at baseline fell below the normal range, which indicates that there was not a 
large difference between upper trapezius activity at baseline compared to weeks six and 
eight, and could be a possible reason that there were not significant changes observed with 
altered muscle activation patterns. The subjects could have had UT:LT, and UT:SA muscle 
activation ratios that fell within the normal ranges at the beginning of the study, and therefore 
could be a reason that there was not a significant difference between baseline, week 6, and 
week 8 for either group. There could have also been some slight deviation in the placement 
of the electrodes which would have altered the signals recorded, and therefore altered the 
ratios. The muscle activation ratio of 2:1 that was achieved during the biofeedback sessions 
for the exercise with biofeedback group may not have been enough to illicit significant 
changes with the muscle activation ratios, after the intervention was administered.  
It is important to note that the UT:SA ratios were getting larger as the study 
progressed. This could be as a result of the exercises that were chosen. Some of the subjects 
had a hard time performing the exercises during the EMG biofeedback sessions, and could 
have not been activating the serratus anterior properly. There could also be human error in 
the placement of the electrodes, which would have altered the signals recorded, and in turn 
alter the ratios. It is also important to note that no statistical analysis was performed on the 
muscle activation ratios that were calculated, so although there was an increase in the UT:SA 
ratio observed with both groups, there might not have been a statistically significant 
difference.  
Summary 
 The results of this study indicate that EMG biofeedback may be a potential tool in the 
prevention of onset subacromial impingement syndrome (SIS) in a healthy population. 
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Although there was no statistical significance found with neither the scapular kinematics, nor 
the muscle activation patterns, there were trends toward positive outcomes for the subjects of 
this study. There were many limitations to the protocol of this study that could have altered 
the possibility of achieving statistical significance. The small study population, the length of 
the intervention, the healthy population chosen, as well as the frequency of the intervention 
could have all contributed to the lack of statistical significance that was observed within this 
study.  
 During humeral elevation in the scapular plane, normal kinematics are a result of 
various lines of action of the scapular stabilizers, mainly the trapezius muscles (Fey et al., 
2007). The increased normal kinematic trends observed with this study could be indicative of 
alterations in the muscle activation patterns, such as the trend of decreased upper trapezius 
muscle activation in the exercise only group. However, there were not consistent trends with 
neither the scapular kinematics, nor the muscle activation patterns to solidly state that the 
positive alterations observed could be indicative of a decreased risk of SIS, as a result of a 
more stabilized scapula.   
 It is imperative that normal scapular kinematics during humeral elevation in the 
scapular plane, as well as muscle activation patterns of the scapular stabilizers are well 
understood. With a greater base of knowledge, the creation of  preventative programs aimed 
at assisting people who are at high risk of developing subacromial impingement syndrome 
are possible, such as the one used in this study. Although the results from this study did not 
support the experimental hypothesis, the trend of increased scapular upward rotation in both 
groups, and the lowered mean EMG amplitude of the upper trapezius for the exercise only, 
group could be indicative of possible positive changes that could result from protocols 
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similar to the one utilized in this study. The results from this study can help better understand 
the potential positive effect of EMG biofeedback in a healthy population, with regards to 
scapular kinematics and muscle activation. 
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Chapter V 
Summary, Conclusions, and Recommendations 
Summary 
 Electromyography (EMG) biofeedback has been demonstrated to be a useful tool in 
the aid of rehabilitation programs focused on treating subacromial impingement syndrome 
(SIS) (Holtermann et al., 2010). The live feedback that is given during exercises that are 
being performed, and focus on targeting specific muscle activation patterns, has been helpful 
with a pathological population, and has a potential use in a healthy population for those at 
risk of developing SIS. The use of EMG biofeedback is aimed at the potential to alter muscle 
activation patterns, with the idea that scapular kinematics will be altered as a result, 
especially in those with SIS (Holtermann et al., 2010). However, there is little research 
looking at the effects of an EMG biofeedback program in a healthy population for injury 
prevention, and if the same types of responses can be elicited as observed in a pathological 
population.  
 Subacromial impingement can cause functional loss, or impairments, and as a result, 
it is important to evaluate a preventative type of program that could target those at a high risk 
of developing SIS (Michener et al., 2003). Utilizing the information presented in the previous 
research, investigating how EMG biofeedback can be a useful tool in the rehabilitation of 
SIS, may lead to a type of program that can be easily implemented in various job settings. 
The careers that are at a heightened risk of developing SIS include; construction, office work, 
postal work et cetera, where the people are participating in constant activity at shoulder 
height or higher. It is evident in the literature that the understanding of SIS has evolved, 
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however, there is a gap in the literature that focuses on preventative means of exercise with 
biofeedback with healthy populations.   
Conclusions 
 The current experimental hypothesis was rejected, in that the EMG biofeedback did 
not elicit statistically significant decreases in upper trapezius activity, nor did it elicit 
increases in lower trapezius, or serratus anterior activity. Nor was there a statistically 
significant increase of scapular external rotation, upward rotation, or posterior tilt in the 
neither group. However, there were trends that indicate increased stabilization of the scapula, 
and slight alterations in muscle activation patterns that align with the hypothesis. 
Recommendations 
 Future research. Electromyography biofeedback has not been evaluated as a viable 
preventative tool in a healthy population, which may be at a heightened risk for developing 
subacromial impingement (SIS). Understanding the effects of biofeedback in a healthy 
population could act as a guide to possibly prevent the onset of SIS. More research utilizing a 
protocol similar to the one that was used in the current study is necessary to evaluate the 
optimal frequency, and length of time of biofeedback intervention for a healthy population 
who is at a high risk of developing SIS. There needs to be more investigation on whether or 
not there is long lasting effects of biofeedback, as well as, what the optimal length of the 
intervention needs to be. The effect of biofeedback effects on a healthy population could also 
lead to better methods of biofeedback administration in a pathological population, and make 
it more accessible to medical professionals who work with SIS patients.  
Although there was no significance found within this study, this protocol could be 
used to evaluate a longer intervention, or an intervention that is more intensive in the number 
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of days that the subjects receive biofeedback. There are many limitations to this study, but 
the trends demonstrate that there could potentially be greater effects elicited in a healthy 
population if the protocol is altered slightly. For example, the number days that the exercise 
with biofeedback subjects participate in biofeedback could be increased, or the length of the 
study in general could be elongated. There could also be alterations in the types of exercises 
performed, or the compliance regulations with the subjects. There could be a more strict way 
of keeping track of the exercises other than a log that the subjects fill out. The data collection 
could take place in an environment where there is limited interference with the EMG sensors, 
in order to get the best signal, and data for analysis.  The results from this study can lead 
future investigation with a healthy population as a means of investigating biofeedback as a 
preventative tool, or could lead to future investigation in a pathological population as a 
means to assist rehabilitation programs, and possibly elicit long term effects. 
It should be noted that the number of days that the exercise with biofeedback group 
performed intervention might be a reason that there was little significance found with this 
study. In a study by Ma et al, (2011), daily intervention was provided to subjects performing 
computer work for six weeks, and consistent trends of reductions in upper trapezius activity 
were observed (Ma et al., 2011). An intervention that contains more than one day per week 
of EMG biofeedback, might produce more significant results than what were found in this 
study. The current study chose one day per week of biofeedback as a simulation of someone 
receiving rehabilitation one session per week, or someone who would be seeing a personal 
trainer once a week to prevent the onset of subacromial impingement. The length of the study 
may have been too short to elicit the desired changes in the exercise with biofeedback group, 
and it may be beneficial in future research to alter the number of biofeedback sessions, and 
 77 
 
length of the intervention. By varying the biofeedback sessions as well as the length of the 
intervention, it could be more possible to evaluate EMG biofeedback as a tool for the 
prevention of the onset of subacromial impingement syndrome, as well as creating the 
optimal number of biofeedback sessions and length of an intervention to keep any changes 
that were elicited. The results from this study could be beneficial to future studies that 
investigate the effects of EMG biofeedback on scapular kinematics and muscle activation 
patterns of scapular stabilizers.  
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Appendix A 
Human Subjects Approval 
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Appendix B 
 
Exercise Participation Log for Subjects 
 
Week 1: 
Exercises 
Performed 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
I        
W        
T        
Y        
 
Week 2: 
Exercises 
Performed 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
I        
W        
T        
Y        
 
Week 3: 
Exercises 
Performed 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
I        
W        
T        
Y        
 
Week 4: 
Exercises 
Performed 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
I        
W        
T        
Y        
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Week 5: 
Exercises 
Performed 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
I        
W        
T        
Y        
 
Week 6: 
Exercises 
Performed 
Monday Tuesday Wednesday Thursday Friday Saturday Sunday 
I        
W        
T        
Y        
 
Week 7: 
Do Not Perform Exercises. 
 
Week 8: 
Do Not Perform Exercises. 
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Appendix C 
Anthropometric Survey and Baseline Checklist 
 
Time Started   Y Y/N Testing: 
Subject # EMGBF 
20 Sec Streching 
Y/N 
Scapular Motion Pre-
test   
Height   Time Stopped   3 sec. up 3 sec down Y/N 
Weight   MVIC: 
Noraxon hooked up 
to USB 
Y/N 
Age   Check Channels Y/N EMG Biofeedback: 
Sex M/F Practice Y/N I x 10 Y/N 
Dominant Arm R/L Collection Noraxon   W x 10 Y/N 
Signed Informed 
Consent 
Y/N 
Upper Trap 
Y/N T x 10 Y/N 
History or Surgery? Y/N Lower Trap Y/N Y x 10 Y/N 
History of Injury 
with dominant 
shoulder? 
Y/N 
Serratus Anterior:  R & L 
Y/N Have the subject   
Pain currently in 
either shoulder? 
Y/N 
Lumbar ES 
Y/N focus on depression   
Profile Set up Y/N 2 MIN REST Y/N and adduction of the    
Skin prepared: Y/N Collection Polhemus   scapula   
Alcohol wipes Y/N Upper Trap Y/N Re-Testing: 
Calibration marks 
Y/N 
Lower Trap 
Y/N 
Noraxon hooked up 
to polhemus Y/N 
Scapula tracker 
marks 
Y/N 
Serratus Anterior : R & L 
Y/N 
Start Pressed 
Y/N 
Electrodes Y/N Lumbar ES Y/N Initialized Y/N 
Receivers Y/N Polhemus Equipment   Calibration loaded Y/N 
PROTOCOL: Scapular tracker Y/N Initialized Y/N 
Warm up: Taped Y/N Scapular Motion Test Y/N 
10 Pendulum swings (with 5lb 
weight) Both Arms Thorax Y/N 
3 sec. up 3 sec. down 
  
Circles Y/N Humeral Cuff Y/N filed saved Y/N 
Side to Side 
Y/N 
Practice Scapular 
movement 
Y/N 
Comments: 
  
Forward and Back 
Y/N 
Scapular Tracker 
moving? 
Y/N 
  
Exercises:       
I Y/N 
Noraxon switched over 
to polhemus 
Y/N 
W Y/N Start on Noraxon Pressed Y/N 
T Y/N Calibration Y/N 
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Appendix D 
Western Washington University 
Consent to Take Part in a Research Study 
Study 2: Effects of EMG biofeedback training on muscle activity and scapular kinematics in 
healthy individuals 
 
You are invited to participate in a research study conducted by Jun San Juan, PhD, ATC, from 
the department of Physical Education, Health, and Recreation at the Western Washington 
University.  The purpose of this investigation is to examine the effects of electromyography 
biofeedback training on how your muscles activate and how your shoulder blades move when 
you lift your arm. You were selected as a possible participant in this study because you have no 
history of shoulder pathology.   
 
If you decide to participate, you understand that the following things will be done to you.  
You will be asked to fill out a brief form to provide basic information such as age, height and 
weight and which arm is your dominant arm.  Non-invasive measurements will be made 
throughout the experiment.  To perform motion measurements, small sensors will be attached 
by straps or tape to your wrist, elbow and shoulder.  To measure muscle activation, small 
electrodes will be attached to your skin over several sites surrounding your shoulder. You 
will be asked to move both arms up and down. In addition, you will be asked to perform 4 
shoulder exercises. The entire testing process should take about 90 minutes.  If you are in the 
exercise only group, you will be asked to come back for the same testing 6 and 8 weeks after 
today. If you are in the experimental group, you will be asked to come back once a week for 
6 weeks for the EMG biofeedback training.  
 
There is no direct benefit to you by participating in this study.  However, you understand that 
information gained in this study may help in understanding the function of the shoulder, and 
may guide decisions made in prescribing strengthening and injury rehabilitation exercise.   
 
Participation in any research study carries with it possible risks.  Because multiple trials will 
be performed, there is a risk of muscle fatigue.  However, precautions have been taken to 
minimize this risk. However, you may discontinue participation at any time during testing. 
 
Any information that is obtained in connection with this study and that can be identified with 
you will remain confidential and will be disclosed only with your permission. Subject identities 
will be kept confidential by coding the data with subject numbers, rather than names.   
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Your participation is voluntary. Your decision whether to participate will not affect your 
relationship with Western Washington University.  If you decide to participate, you are free to 
withdraw your consent and discontinue participation at any time without penalty.  
 
If you have any questions, please feel free to contact Jun San Juan, (360) 650-2336, Department 
of Physical Education, Health and Recreation, Western Washington University, Bellingham, 
WA, 98225.  If you have questions regarding your rights as a research subject, contact Janai 
Symons in the Office of Research and Sponsored Programs, Western Washington University, 
Bellingham, WA, 98225, (360) 650-3082. You have been offered a copy of this form to keep.  
 
I have read the above description and agree to participate in this study. 
 
 
Print Name_______________________________________________  
 
Date________________________________ 
Signature_________________________________________________ 
 
 
Note: Please sign both copies of the form and retain the copy circled “Participant Copy” 
 
 
 
Research Copy       Participant Copy 
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Appendix E 
Week 6/8 Testing Procedure Checklist 
 
Time Started   Time Stopped   
Subject # EMGBF 2 MIN REST Y/N 
Subject advised of 7 week 
break? 
Y/N 
Collection Polhemus 
Subject set up collection 
time for 8 week testing? 
Y/N 
Upper Trap Y/N 
Lower Trap Y/N 
Subject experiencing any 
current pain in either 
shoulder, or during 
exercises? (If so when?) 
Y/N : Serratus Anterior:                        
R                                                         
L 
Y/N                           
Y/N 
Subject performed all 
exercises for 5 weeks? (if 
not why) 
Y/N: Lumbar ES 
Y/N 
PROTOCOL: Polhemus Equipment   
Warm up: Scapular tracker Y/N 
10 Pendulum swings (with 5lb weight) 
Both Arms 
Taped Y/N 
Circles Y/N Thorax Y/N 
Forward and Back Y/N Humeral Cuff Y/N 
Side to Side 
Y/N 
Practice Scapular 
movement 
Y/N 
20 Sec Stretching Y/N Scapular Tracker moving? Y/N 
Instrumentation: 
Noraxon switched over to 
polhemus 
Y/N 
Skin prepared: Y/N Start on Noraxon Pressed Y/N 
Alcohol wipes Y/N Calibration Y/N 
Calibration marks Y/N Testing: 
Scapula tracker marks Y/N Scapular Motion Pre-test   
Electrodes Y/N 3 sec. up 3 sec down Y/N 
Receivers Y/N filed saved Y/N 
MVIC: Comments:   
Check Channels Y/N 
  
Practice Y/N 
Collection Noraxon 
Upper Trap Y/N 
Lower Trap Y/N 
Serratus Anterior:                                             
R                                                                              
L 
Y/N                           
Y/N 
Lumbar ES Y/N 
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Appendix F 
Subject with EMG Instrumentation 
 
 
            
 
 
 
 
 
Electrodes placed on the Upper Trapezius, Lower Trapezius, Serratus Anterior, and 
Lumbar Paraspinals.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Serratus 
Anterior  
Lower 
Trapezius  
Lumbar 
Paraspinals  
Upper 
Trapezius  
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Appendix G 
Subject with Kinematic Instrumentation 
 
 
 
 
Sensors Placed in the Humeral Cuff, on the Scapular Tracker, and on the Sternal Notch 
 
 
 
 
 
 
 
 
 
 
 
 
 
Humeral Cuff 
Custom 
Scapular 
Tracker 
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Custom Scapular Tracker (above), Humeral Cuff, and Sternal Notch Sensor (below) 
 
 
Custom 
Scapular 
Tracker 
Humeral Cuff 
Sternal Notch 
Sensor 
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Appendix H 
I, W, T, and Y Exercises that Subjects Performed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I Exercise that Subjects Performed with Biofeedback. 
 
 
 
W Exercise that Subjects Performed 
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T Exercise that Subjects Performed 
 
 
 
Y Exercise that Subjects Performed 
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Appendix I 
 
Guide Wires that Were Used During Humeral Elevation Testing 
 
 
   
 
 
 
 
Guide wires were used to help keep 
the subject in the scapular plane while 
testing humeral elevation. The 
scapular angle was verified for each 
subject before testing.  
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Appendix J 
Raw Scapular Kinematic Data 
 
Baseline – Exercise with Biofeedback: 
 
Subject 
Posterior 
Tilt 30 
Upward 
Rotation 30 
External 
Rotation 30 
Posterior 
Tilt 60 
Upward 
Rotation 60 
External 
Rotation 60 
EMGBF01 -10.875 4.216 -55.823 -9.801 12.78 -55.196 
EMGBF02 -7.6 20.199 -45.114 -7.639 28.038 -45.745 
EMGBF03 -7.19 26.914 -43.841 -3.473 36.517 -43.703 
EMGBF04 -19.098 7.04 -61.324 -19.393 12.119 -66.042 
EMGBF07 -10.401 1.061 -53.35 -10.719 10.884 -54.019 
EMGBF08 3.396 12.138 -85.587 -2.393 18.664 -87.331 
EMGBF11 -8.731 10.93 -63.81 -10.882 18.3 -64.227 
EMGBF12 -11.12 12.184 -59.271 -13.935 18.025 -61.894 
EMGBF15 -9.696 11.464 -45.229 -8.005 18.739 -48.397 
EMGBF19 -8.383 7.437 -53.409 -10.35 14.203 -53.201 
Average -8.9698 11.3583 -56.6758 -9.659 18.8269 -57.9755 
Subject 
Posterior 
Tilt 90 
Upward 
Rotation 90 
External 
Rotation 90 
Posterior 
Tilt 120 
Upward 
Rotation 120 
External 
Rotation 120 
EMGBF01 -10.976 24.53 -57.6 -10.449 37.235 -60.72 
EMGBF02 -11.115 34.039 -47.964 -13.567 44.121 -52.057 
EMGBF03 -2.704 49.624 -44.911 2.697 63.938 -41.195 
EMGBF04 -24.145 23.4 -70.884 -29.623 40.298 -79.803 
EMGBF07 -13.89 20.257 -56.257 -15.05 30.552 -54.561 
EMGBF08 -11.045 25.157 -90.691 -19.959 36.057 -90.284 
EMGBF11 -15.66 27.023 -67.002 -26.832 36.166 -70.259 
EMGBF12 -18.373 26.98 -66.969 -20.281 39.852 -69.839 
EMGBF15 -9.776 31.075 -50.718 -10.067 43.535 -49.014 
EMGBF19 -12.085 24.56 -51.478 -13.761 40.605 -44.818 
Average -12.9769 28.6645 -60.4474 -15.6892 41.2359 -61.255 
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Baseline – Exercise Only: 
 
Subject 
Posterior 
Tilt 30 
Upward 
Rotation 30 
External 
Rotation 30 
Posterior 
Tilt 60 
Upward 
Rotation 60 
External 
Rotation 60 
EMGBF05 -12.762 8.35 -51.541 -18.231 16.792 -53.212 
EMGBF09 -6.387 24.372 -61.898 -8.758 31.636 -61.139 
EMGBF10 -3.146 16.573 -46.061 -2.993 25.311 -43.166 
EMGBF13 -13.233 1.31 -43.964 -15.285 7.892 -46.072 
EMGBF14 -1.486 22.901 -62.729 -2.823 27.844 -65.284 
EMGBF16 1.529 22.849 -58.937 -2.002 26.078 -65.316 
EMGBF17 -9.139 24.149 -63.925 -9.002 27.852 -67.678 
EMGBF18 -8.371 8.934 -44.668 -7.928 16.525 -47.789 
EMGBF20 -4.908 3.491 -50.227 -5.669 9.155 -49.538 
EMGBF21 1.098 10.427 -62.284 -0.709 18.326 -63.777 
Average -5.6805 14.3356 -54.6234 -7.34 20.7411 -56.2971 
Subject 
Posterior 
Tilt 90 
Upward 
Rotation 90 
External 
Rotation 90 
Posterior 
Tilt 120 
Upward 
Rotation 120 
External 
Rotation 120 
EMGBF05 -22.897 23.036 -57.846 -20.754 32.136 -57.765 
EMGBF09 -15.854 39.347 -63.002 -27.329 51.13 -67.556 
EMGBF10 -8.136 34.893 -43.677 -10.884 46.578 -44.11 
EMGBF13 -18.593 18.148 -48.326 -19.64 30.981 -47.999 
EMGBF14 -5.995 35.235 -68.5 -9.213 48.725 -67.985 
EMGBF16 -6.651 31.854 -70.482 -9.686 49.248 -71.98 
EMGBF17 -13.328 34.958 -67.606 -17.977 50.461 -65.196 
EMGBF18 -11.741 24.778 -49.913 -15.253 33.719 -53.187 
EMGBF20 -6.162 20.204 -46.819 -2.341 36.517 -40.82 
EMGBF21 -6.583 26.334 -66.975 -13.659 33.823 -72.609 
Average -11.594 28.8787 -58.3146 -14.6736 41.3318 -58.9207 
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Week 6 – Exercise with Biofeedback: 
 
Subject 
Posterior 
Tilt 30 
Upward 
Rotation 30 
External 
Rotation 30 
Posterior 
Tilt 60 
Upward 
Rotation 60 
External 
Rotation 60 
EMGBF01 -13.17 17.929 -55.985 -12.062 23.28 -56.51 
EMGBF02 -14.462 23.495 -52.654 -15.574 29.54 -52.996 
EMGBF03 -9.971 16.005 -41.111 -4.754 23.876 -40.559 
EMGBF04 -14.301 8.756 -63.031 -15.186 17.285 -62.905 
EMGBF07 -8.7 3.439 -55.514 -7.721 10.184 -55.957 
EMGBF08 0.319 11.344 -57.962 -2.399 17.273 -58.122 
EMGBF11 -4.286 19.032 -58.765 -5.691 27.224 -58.84 
EMGBF12 -6.431 16.151 -51.307 -7.751 22.637 -53.85 
EMGBF15 -4.464 15.161 -43.837 -3.378 22.926 -46.79 
EMGBF19 -15.21 17.157 -59.263 -18.032 22.241 -62.303 
Average -9.0676 14.8469 -53.9429 -9.2548 21.6466 -54.8832 
Subject 
Posterior 
Tilt 90 
Upward 
Rotation 90 
External 
Rotation 90 
Posterior 
Tilt 120 
Upward 
Rotation 120 
External 
Rotation 120 
EMGBF01 -13.988 34.613 -59.449 -17.068 49.407 -60.145 
EMGBF02 -18.728 36.131 -55.138 -17.419 46.961 -55.34 
EMGBF03 -1.497 36.686 -43.92 5.367 52.183 -44.779 
EMGBF04 -18.763 29.323 -65.304 -20.56 43.106 -67.533 
EMGBF07 -11.416 18.549 -58.905 -10.704 34.495 -55.491 
EMGBF08 -4.442 27.098 -57.92 0.946 44.857 -52.293 
EMGBF11 -10.116 36.908 -59.496 -18.293 50.02 -63.637 
EMGBF12 -13.304 28.313 -57.001 -15.325 42.703 -57.781 
EMGBF15 -7.104 35.49 -50.269 -11.513 47.741 -52.859 
EMGBF19 -20.046 26.709 -66.292 -18.247 44.181 -61.187 
Average -11.9404 30.982 -57.3694 -12.2816 45.5654 -57.1045 
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Week 6 – Exercise Only: 
 
Subject 
Posterior 
Tilt 30 
Upward 
Rotation 30 
External 
Rotation 30 
Posterior 
Tilt 60 
Upward 
Rotation 60 
External 
Rotation 60 
EMGBF05 -14.44 20.601 -58.302 -17.269 25.387 -61.048 
EMGBF09 -6.987 13.259 -60.853 -7.86 20.541 -58.98 
EMGBF10 -3.873 19.869 -46.878 -5.174 25.575 -46.959 
EMGBF13 -3.636 18.658 -51.641 -4.811 23.796 -53.931 
EMGBF14 -8.181 21.869 -54.221 -9.71 26.844 -57.628 
EMGBF16 -8.268 19.345 -56.755 -10.427 23.664 -60.826 
EMGBF17 -13.192 20.766 -63.968 -17.231 26.772 -65.454 
EMGBF18 -0.678 21.375 -64.56 -0.193 25.057 -66.624 
EMGBF20 9.59 7.869 -55.188 10.143 13.556 -57.007 
EMGBF21 -7.502 -1.814 -60.169 -11.074 5.741 -59.299 
Average -5.7167 16.1797 -57.2535 -7.3606 21.6933 -58.7756 
Subject 
Posterior 
Tilt 90 
Upward 
Rotation 90 
External 
Rotation 90 
Posterior 
Tilt 120 
Upward 
Rotation 120 
External 
Rotation 120 
EMGBF05 -19.295 32.252 -61.725 -22.399 40.565 -57.691 
EMGBF09 -11.304 27.456 -57.67 -17.942 36.849 -54.55 
EMGBF10 -10.117 35.828 -46.661 -17.579 48.64 -44.256 
EMGBF13 -8.89 32.58 -55.772 -13.123 42.335 -56.837 
EMGBF14 -12.758 34.981 -58.952 -14.655 49.265 -56.018 
EMGBF16 -15.842 31.731 -65.928 -22.473 48.747 -71.289 
EMGBF17 -23.23 34.333 -66.956 -25.34 51.701 -65.247 
EMGBF18 -4.361 33.523 -66.079 -11.763 49.169 -69.209 
EMGBF20 8.549 26.221 -56.748 3.359 44.749 -54.837 
EMGBF21 -13.909 18.417 -63.664 -24.209 36.316 -66.598 
Average -11.1157 30.7322 -60.0155 -16.6124 44.8336 -59.6532 
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Week 8 – Exercise with Biofeedback: 
 
Subject 
Posterior 
Tilt 30 
Upward 
Rotation 30 
External 
Rotation 30 
Posterior 
Tilt 60 
Upward 
Rotation 60 
External 
Rotation 60 
EMGBF01 -17.21 14.639 -54.588 -15.144 18.915 -55.414 
EMGBF02 -12.131 20.947 -45.334 -10.415 28.619 -45.166 
EMGBF03 -9.21 15.824 -46.614 -5.564 24.267 -45.406 
EMGBF04 -23.161 8.245 -50.011 -21.363 16.258 -50.499 
EMGBF07 -12.852 2.258 -61.302 -13.124 11.36 -62.873 
EMGBF08 -7.915 21.866 -74.184 -12.035 28.835 -76.827 
EMGBF11 -5.754 20.464 -59.703 -8.306 27.329 -58.851 
EMGBF12 -7.533 8.216 -54.776 -8.468 15.241 -55.873 
EMGBF15 -4.561 10.753 -38.572 -3.839 18.929 -40.623 
EMGBF19 -7.698 6.714 -64.93 -10.452 12.119 -66.489 
Average -10.8025 12.9926 -55.0014 -10.871 20.1872 -55.8021 
Subject 
Posterior 
Tilt 90 
Upward 
Rotation 90 
External 
Rotation 90 
Posterior 
Tilt 120 
Upward 
Rotation 120 
External 
Rotation 120 
EMGBF01 -16.569 29.187 -58.132 -17.548 43.308 -58.33 
EMGBF02 -12.367 34.173 -46.793 -15.185 43.731 -51.746 
EMGBF03 -2.746 35.029 -43.955 0.525 50.34 -39.683 
EMGBF04 -21.59 27.837 -51.594 -24.048 42.394 -51.021 
EMGBF07 -17.778 23.195 -66.11 -24.796 36.637 -69.074 
EMGBF08 -19.574 37.114 -81.82 -27.136 49.839 -86.762 
EMGBF11 -12.493 35.956 -57.751 -21.222 48.547 -60.856 
EMGBF12 -12.446 27.192 -56.745 -15.532 38.168 -57.579 
EMGBF15 -3.899 34.373 -42.127 0.847 45.977 -27.977 
EMGBF19 -17.267 18.692 -63.61 -18.845 35.839 -59.462 
Average -13.6729 30.2748 -56.8637 -16.294 43.478 -56.249 
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Week 8 - Exercise Only: 
 
Subject 
Posterior 
Tilt 30 
Upward 
Rotation 30 
External 
Rotation 30 
Posterior 
Tilt 60 
Upward 
Rotation 60 
External 
Rotation 60 
EMGBF05 -9.449 21.249 -62.381 -12.27 26.175 -64.631 
EMGBF09 -12.146 18.921 -52.972 -13 25.571 -54.147 
EMGBF10 -7.129 17.816 -45.187 -6.597 24.016 -45.493 
EMGBF13 5.622 5.685 -61.624 0.251 15.759 -65.824 
EMGBF14 -3.294 21.519 -52.552 -3.009 29.742 -52.804 
EMGBF16 -11.823 20.075 -55.349 -15.893 26.978 -59.262 
EMGBF17 -7.158 19.334 -63.629 -13.237 25.011 -67.948 
EMGBF18 -5.742 19.457 -58.032 -5.541 23.05 -57.495 
EMGBF20 -3.774 12.946 -52.798 -2.57 21.418 -51.072 
EMGBF21 -17.322 18.131 -62.279 -22.952 24.701 -62.808 
Average -7.2215 17.5133 -56.6803 -9.4818 24.2421 -58.1484 
Subject 
Posterior 
Tilt 90 
Upward 
Rotation 90 
External 
Rotation 90 
Posterior 
Tilt 120 
Upward 
Rotation 120 
External 
Rotation 120 
EMGBF05 -14.571 31.941 -63.254 -16.172 42.802 -54.583 
EMGBF09 -17.361 33.658 -55.868 -21.717 45.609 -56.042 
EMGBF10 -7.281 34.545 -45.546 -11.304 43.316 -41.845 
EMGBF13 -7.112 27.329 -70.683 -13.051 37.792 -71.657 
EMGBF14 -6.46 38.004 -55.919 -10.904 48.167 -58.254 
EMGBF16 -20.594 35.464 -62.931 -25.171 52.378 -66.837 
EMGBF17 -22.446 32.944 -69.719 -28.952 50.712 -66.563 
EMGBF18 -7.75 28.257 -54.68 -11.793 39.033 -52.435 
EMGBF20 -3.671 32.139 -48.739 -0.773 43.928 -43.602 
EMGBF21 -28.417 31.761 -66.847 -37.022 41.116 -74.976 
Average -13.5663 32.6042 -59.4186 -17.6859 44.4853 -58.6794 
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Appendix K 
Processed EMG Data 
 
Exercise with Biofeedback: 
 
Subject  UT baseline LT baseline SA baseline 
EMGBF01 19.0899012 21.29404403 12.37937931 
EMGBF02 5.657284736 28.61573222 17.41557995 
EMGBF03 9.886539632 20.3929715 12.44361401 
EMGBF04 16.56327795 17.11303283 17.70302136 
EMGBF07 8.198696969 50.34685313 10.56227454 
EMGBF08 9.100476987 12.33523253 33.91145351 
EMGBF11 11.19068145 9.930221171 10.38745015 
EMGBF12 5.601397338 48.80796396 24.12147284 
EMGBF15 4.761295717 16.58480719 12.55142381 
EMGBF19 11.25004284 32.35828476 35.27563763 
Average 10.12995948 25.77791433 18.67513071 
 UT week 6 LT week 6 SA week 6 
EMGBF01 6.562676917 18.91453266 16.05285351 
EMGBF02 8.273110037 27.67770461 10.51853769 
EMGBF03 12.62522175 18.37428742 22.14198326 
EMGBF04 23.26621634 23.23527466 22.9749474 
EMGBF07 10.41095274 26.61957725 15.95195744 
EMGBF08 14.72103567 19.89941099 27.16417916 
EMGBF11 10.84938939 13.39503571 10.79691807 
EMGBF12 4.157086932 35.99348532 21.18068513 
EMGBF15 14.22177556 15.2430693 4.03561144 
EMGBF19 8.339742916 27.24793422 29.69079389 
Average 11.34272083 22.66003121 18.0508467 
 UT  week 8 LT week 8 SA week 8 
EMGBF01 10.42518248 15.22211627 10.45449865 
EMGBF02 5.569650639 38.30895891 11.5335158 
EMGBF03 11.36049948 15.64645205 13.91208616 
EMGBF04 17.70586832 24.21688286 32.68319601 
EMGBF07 11.10806538 24.34145334 6.996327585 
EMGBF08 14.42205263 26.33943549 18.98831383 
EMGBF11 10.93626859 34.01828238 9.479252213 
EMGBF12 7.230515456 28.78223534 17.48446262 
EMGBF15 18.50428857 23.22393457 6.706538824 
EMGBF19 6.534583086 21.14596662 17.06774439 
Average 11.37969746 25.12457178 14.53059361 
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Exercise Only: 
 
Subject UT baseline LT baseline SA baseline 
EMGBF05 4.789999996 31.9554202 13.40845694 
EMGBF09 30.50689422 60.20601979 62.73762286 
EMGBF10 143.5147236 * 159.7949238 
EMGBF13 7.426865026 6.470666067 16.46489439 
EMGBF14 19.80739921 36.52732535 30.68256508 
EMGBF16 12.38739771 5.81805917 20.46034197 
EMGBF17 30.64268997 38.59548024 * 
EMGBF18 6.441096678 9.312541573 27.09305178 
EMGBF20 5.758866645 8.913161189 18.57011773 
EMGBF21 13.90099288 24.06984697 22.34163164 
Average 27.51769259 24.65205784 41.28373402 
 UT week 6 LT week 6 SA week 6 
EMGBF05 11.58238919 18.41912545 7.197598047 
EMGBF09 9.565037079 49.14973138 21.39316491 
EMGBF10 12.84345682 29.0820873 5.391911054 
EMGBF13 15.19967034 11.65934589 23.82532631 
EMGBF14 18.25241601 48.17738403 25.92801599 
EMGBF16 13.62995085 9.499756542 7.687407013 
EMGBF17 10.46555919 34.94901439 11.23560782 
EMGBF18 7.975491401 42.31346463 37.52151893 
EMGBF20 110.1785389 8.869613479 38.51882985 
EMGBF21 9.108984985 23.28391297 13.58728536 
Average 21.88014947 27.54034361 19.22866653 
 UT week 8 LT week 8 SA week 8 
EMGBF05 30.3116625 24.6929177 109.7856843 
EMGBF09 11.26505345 32.48280768 34.92353526 
EMGBF10 12.96465262 26.98689189 11.0824843 
EMGBF13 7.802386773 7.136871622 39.68209568 
EMGBF14 13.0523634 54.7214475 29.47175065 
EMGBF16 12.33184361 8.54108843 11.36033656 
EMGBF17 11.73069402 51.14589831 14.86815054 
EMGBF18 6.412075798 21.7141185 26.80201354 
EMGBF20 7.644505427 12.19185254 23.19298554 
EMGBF21 17.90473009 15.15464864 26.62207657 
Average 13.14199677 25.47685428 32.77911129 
* Dark filled boxes represent outliers in the data that were removed for analysis.  
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Appendix L 
Human Subjects Review Modification 
 
1. Description of MINOR CHANGES proposed: includes changes in project title, 
principal investigator(s), co-investigator(s), location of the study, and data 
analysis and/or reporting procedures. 
 
Not applicable  
 
2.  Description of MAJOR CHANGES proposed: includes changes in purpose of 
the study, duration of the study, subject population, subject recruitment 
procedures, number of subjects (including controls), costs and/or compensation 
to subjects, voluntary participation, experimental procedures, alternate 
procedures, procedures for maintaining confidentiality, and/or consent 
procedures (including changes to the consent form). 
 
We would like to extend the testing of subjects from six weeks to eight weeks. 
This second round of testing will determine if any changes seen with shoulder 
kinematics and muscle activation was able to be sustained after two weeks of having 
the subjects not perform the intervention exercises. We would also like to add a goal 
to the biofeedback training of obtaining a ratio of 2:1 for the lower trapezius muscles 
to the upper trapezius muscles. During the biofeedback training sessions the subjects 
will be advised to maintain the 2:1 ratio while performing the exercises. In the 
previous protocol subjects were asked to activate specific muscles more so than 
others, and were not given a specific objective. They were to look at the software on 
the projected screen and watch their muscles activate while they were performing the 
exercises. They were to activate their lower trapezius muscles as much as they could, 
while maintaining a low level of activation of their upper trapezius during the 
exercises. By adding the objective of activating the lower trapezius twice as much as 
the upper trapezius while performing the exercises, the subjects should have a better 
understanding of how much they need to be activating their muscles in relation to 
each other. We will be having the subjects in the control group submit a completed 
log of exercises performed once a week to one of the study investigators to ensure 
subject participation throughout the study since the control group will not be coming 
in once a week for training.  
 
3. Discussion of unanticipated risks or new information that may affect the 
risk/benefit assessment, if applicable. 
 
Not applicable 
 
4. Brief discussion of the implications of the proposed changes on the likelihood of 
increased or decreased risks and/or benefits to the study participants. 
 
This change will not alter the risks or benefits to the study participants.  
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5. If the consent form(s) will be modified, please attach a copy of the new consent 
form(s) for HSRC approval. 
 
The consent form will be altered from saying the subjects will receive testing 
at weeks four and six, to the subjects will be receiving testing at weeks six and eight. 
Please see attached modified informed consent form.  
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Appendix M 
 
Photograph & Video Release Form 
 
I hereby grant permission to the rights of my image, likeness and sound of my voice as 
recorded on audio or video tape without payment or any other consideration. I understand 
that my image may be edited, copied, exhibited, published or distributed and waive the right 
to inspect or approve the finished product wherein my likeness appears. Additionally, I waive 
any right to royalties or other compensation arising or related to the use of my image or 
recording. I also understand that this material may be used in diverse educational settings 
within an unrestricted geographic area.  
 
Photographic, audio or video recordings may be used for the following purposes:  
 
 
 
 on-line educational courses  
 
 
By signing this release I understand this permission signifies that photographic or video 
recordings of me may be electronically displayed via the Internet or in the public educational 
setting.  
 
I will be consulted about the use of the photographs or video recording for any purpose other 
than those listed above.  
 
There is no time limit on the validity of this release nor is there any geographic limitation on 
where these materials may be distributed.  
 
This release applies to photographic, audio or video recordings collected as part of the 
sessions listed on this document only.  
 
By signing this form I acknowledge that I have completely read and fully understand the 
above release and agree to be bound thereby. I hereby release any and all claims against any 
person or organization utilizing this material for educational purposes.  
 
Full Name___________________________________________________  
 
Street Address/P.O. Box________________________________________  
 
City ________________________________________________________  
 
Postal Code/Zip Code______________________________________  
 
Phone ___________________________ Fax _______________________  
 117 
 
 
Email Address________________________________________________  
 
Signature____________________________ Date____________________________  
 
If this release is obtained from a presenter under the age of 19, then the signature of that 
presenter’s parent or legal guardian is also required.  
 
Parent’s Signature_____________________ Date____________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
